Structure of uterine mucosa and its bearing on changes in menstruation and pregnancy: Mode of action of foetal structures and opening-up of maternal vessels; Imbedding of human ovum with account of very early specimen; Function of the decidua by Young, James
T H E S I S
for the Degree of M.D. , Edinburgh University.
on
STRUCTURE of UTERINE MUCOSA and its BEARING 
on CHANGES in MENSTRUATION and PREGNANCY. 
Mode of action of foetal structures and opening-up of 
maternal vessels. Imbedding of human ovum with ac­
count of very early specimen. Function of the
decidua.
by
JAMES YOUNG, M.B., Ch.B.
APRIL 1910.







I. Structure of literj ne Mucous mem­
brane 1.
Blood, vessels. 25.
Elastic Tissue in Endometrium 33.
Network of stroma 53.
II. MENSTRUATION.
Investigations into mucosa chan­
ges during menstruation. 88.
Surface Epithelium and Glands. 94.
Blood vessels and Stroma. 98.
Cause of the Blood Escape. 115.
Role of the Intimai Cells. 128.
Role of Stroma Protoplasm. 132.
Structure of Tissue Network of
Stroma, and true interpretation 
of Intercellular spaces.




Significance of Endothelial 
changes.
Connective tissue cells.
Cause of Blood escape.
Significance of direct Infiltra­









Mode of Formatjon of Sinuses 
" " " " New vessels
SECTION IV. ACTION OF CHORIONIC CELLS ON THE 
MATERNAL TISSUES AS SEEN IN RE­
TENTION OF PLACENTAL FRAGMENTS 
SECTION V . THE MODE OF ACTION OF THE CHORI­
ONIC EPITHELIUM ON THE MATERNAL 
TISSUES AS STUDIED IN CHORION- 
EPITHELIOMA
Cause of the blood escape from 
maternal vessels
Mode of Formation of Sinuses
New vessel Formation
Is a direct infiltration of the 
vessel walls the cause of the 
Blood escape?
SECTION VI. CAUSATION OF OEDEMA
SECTION VII. NATURE OF CHORIONIC INFLUENCE
AND MODE OF ITS SPREAD
SECTION VIII.CHANGES IN UTERUS IN NORMAL
PREGNANCY
Formation of ovum bed and opening
up of Maternal vessels
Changes in vessel walls and cells 
of deci du.a
Changes in vessels in muscular 




















Mode of fluid absorption by 
chorionic surface
BEClDUAL FORMATION AND FUNCTION
OF DECIDUAL MEMBRANE
Decidual changes in Pregnant 
Tube
Decidual changes in Uterus in 
Placental fragments
Decidual changes in Chorion- 
epi theli oma
Decidual membrane of Normal 
Pregnancy
ADDENDUM.
Preliminary account of very 
early Human Ovum
Account of second early Ovum 













I N T R O D U C T I O N .
The following thesis embodies the results 
of investigations conducted over a period of aboi.it 
one year and a half. A great part of the work was 
carried out in the Royal College of Physicians Labor­
atory, Edinburgh.
The investigations originated in the dis­
covery of a distinct resemblance between the modes of 
production of the oedematous and haemorrhsgic infil­
tration of the tissues in the menstruating uterine 
mucosa and in the wall of the pregnant Fallopian 
Tube. This discovery led, on the one hand, to a 
study of the structure of the uterine mucous membrane, 
and, on the other hand, to an extension of the in­
vestigations on the mode of action of the foetal 
elements. By this means I hoped to arrive at an ex­
planation of the menstrual changes and of the altera­
tions which the mucosa exhibits during pregnancy.
That this hope has been realised I shall endeavour 
to prove in the course of the thesis.
The latter portion of the research, namely 
the investigation into the maternal tissue changes 
induced by the foetal elements, has been carried out 
largely on the pregnant tube, on the uterus in the 
cases/
Berry Hart.
The coloured plates were drawn for me by 
Mr Richard Muir, to whom I am grateful for the great 
trouble he has taken in their preparation. The 
microphotographs were taken in the Laboratory of the 
Royal College of Physicians.
The collection of microscopic slides which 
I am sending in with the thesis comprises typical 
examples of the specimens on which the investigations 
were conducted. The remainder of the sections may 
be consulted in the Midwifery Department of the 
University. I may state that I shall be glad at 
any time to give a personal demonstration of my 
slides.
STRUCTURE of tile UTERINE MUCOUS MEMBRANE.
S E C T I O N  I.
2 .
THE SURFACE EPITHELIUM.
The columnar cells forming this layer have 
a distinct ciliated margin. They are, for the most 
part, closely packed together, though here and 
there they may be separated by spaces in which small 
cells are present. The nuclei are usually oval in 
shape and are situated towards the base of the cells. 
Under some circumstances they become more rounded 
and they rise up towards the centre of the cell-body. 
Where the epithelium is lifted up in any condition, 
and this applies, also, to the cells forming the 
glands, it is often seen that the bases of the cells are 
connected v/ith the stroma elements by means of proto- 
piasnic fi1 omen t s .
THE GLANDS.
These are of the tubular variety, and are, 
for the most part, unbranched. In some places, es­
pecially towards their deeper parts, they may divide 
into two, or, more rarely, three branches. They 
usually run somewhat obliquely to the surface, and, 
in the ordinary resting stage of the mucosa, they 
pursue a course which is fairly straight. In some 
conditions, e.g. menstruation, and in pathological 
states, /
3.
states, they present a tortuous or cork-screw like 
appearance. This is sometimes exhibited, to a very 
marked degree.
The glandular epithelium resembles that 
covering the surface of the mucosa, consisting, 
namely, of columnar ciliated cells. The gland 
lumen is round on transverse section, and oval on 
oblique section.
The glands can, for the most part, be trac­
ed in serial sections throughout the entire thick­
ness of the mucosa, right to the muscular coat.
Here they sometimes commence in slightly bulbous ex­
pansions. In some places they are seen to burrow 
into the muscle, sometimes, even under normal cir­
cumstances, for a considerable distance. They are 
seen to be imbedded in the portions of the stroma, 
which project between the superficial muscle bundles.
With regard to the presence or absence of 
a specialised basement membrane immediately under 
the epithelial cells of the surface and of the glands 
and comparable to similar structures found elsewhere 
there is still a difference of opinion in the liter­
ature. This subject will be approached in a later 
part of this investigation; suffice it for the 
present to state that, in some parts of the mucosa,
8 /
a layer of flattened cells may be seen under the 
bases of the columnar cell3, which apparently differ 
from the adjacent stroma cell.
THE INTERGLANDULAR STROMA.
This, as has already been stated, comprises 
the main mass of the mucous membrane of the uterus. 
The structural features of this tissue, with which 
this investigation is especially concerned, has been 
described in widely different ways by different ob­
servers, and round it a large amount of literature 
has grown within recent years. The wide divergence 
of opinion, which becomes apparent even after a cur­
sory glance through the literature, would seem to be 
dependent, to a large extent, on the many and varying 
appearances, which the uterine mucosa exhibits. So 
great are the differences within normal limits, that 
two perfectly healthy specimens from the same uterus 
may present histological characters so widely diver­
gent, as almost, at first sight, to justify the opin­
ion that they have been derived from entirely differ­
ent sources. This fact will be borne out in the 
course of this record. Vie are thus provided with a 




Under the microscope the interglandular 
stroma of the mucosa is seen to consist, under ord­
inary circumstances, of nuclei densely packed to­
gether, each surrounded by a layer of protoplasm of 
varying thickness. The cells are seen to be separ­
ated from one another by clear intercellular spaces 
of varying size. Bridging across these spaces the 
adjacent cells are connected with one another by 
protoplasmic filaments. In most specimens, 
more marked in some than in others, a fine tissue 
network is seen between the cells.Coursing through 
the stroma arterioles are seen; they consist of 
the continuations of the ovarian and uterine arteries 
situated in the muscular coat, and pursue a spiral 
course throughout the stroma. They, for the most 
part, pass right to the surface, giving off small 
branches _en route; here they break up into a fine 
capillary plexus, from which the blood is carried 
back to the muscular coat by means of veins with 
more poorly supported walls.
Before directing attention to the invest­
igations to be recorded, which were carried out with 
the purpose of throwing further light on the struct­
ure of the uterine stroma and more especially of the 
blood-vessels, and, if possible, of harmonizing the 
opposing /
op-nosing views, it will be necessary to ref^r, some­
what in brief, to the most important papers previous­
ly written.
The difficulty of a correct structural 
interpretation of the apparently simple tissue just
described has given rise to endless controversy.
(1 )HSN1E stated that the stroma is formed by thickly-
packed nuclei and cells, which sometimes grow into
short rhombic plates. The spaces between the cells
are filled with a finely granular material. On
being teased out the cells are removed and a fine
(2 )
network is left behind. F REI maintained that it is
composed of star and spindle-shaped cells, which
form a fine network; in this way it resembles the
(3)
structure of a lymphatic organ. KRAUSE considered 
it to be formed by spindle cells with long oval 
nuclei, and of rounded cells, which are connected
with one another by processes in such a way as to
(4 )
produce a fine network. KflhLIKER believed it to 
be formed of spindle cells arranged singly or in 
bundles. In addition single round cells and a few
free nuclei are present, all imbedded in an amorphous
(5)
substance. KUNDRAT and ENGEL!'ANN looked on the 
stroma as consisting of spindle and round cells 
lying in an amorphous intervening material. There 
is present, also, a fine network of threads, thick­
er in the deeper portions than at the surface.
ROBIN'/
ROBIN considered the stroma as composed of embryon­
ic ovoid, granular cells, separated by a finely 
granular amorphous material. In addition spindle 
cells and connective tissue fibres are present.
One of the most important contributions
to the literature was a paper published in 1874 by 
(7 )
Leopold. As it will be necessary to refer fre- 
quently to the work of this observer, I shall consid­
er his investigations in somewhat greater detail. 
According to him the interglandular stroma of the 
uterine mucosa consists of two distinct and separate 
entities, a connective tissue network, and a large 
number of flattened cells, CZellpl&ttchen or pl£tt- 
chenformigen Zellen,) The connective tissue, 
which is continuous with the connective tissue bet­
ween the bundles of the muscular wall, forms a 
scaffold or framework on which the stroma is built. 
When the surface of the muscle is reached the con­
nective tissue bundles become separated into two 
different parts: the outer clothes the inner limit
of the muscle and thereby separates It from the mu­
cosa, whilst the inner passes between the glands and 
vessels as a fine network. These innermost con­
nective tissue fibres become less and less evident 





network are lined throughout by the cell-plates and 
form a vast intercommunicating system filled with 
lymph. By experiment Leopold was enabled to in­
ject this system from the subserous and intermuscul- 
ar lymphatics and he therefore concluded that the 
stroma is to.be considered as an extensive lymphatic 
sponge, the cell-plates corresponding to the endo­
thelial cells of a lymphatic vessel. In animals, 
(such as the pig, etc, in which his experiments 
were carried out) the spaces are larger and the 
cells are more widely separated than in the human 
uterus, to which, however, the same description 
applies.
The glands and blood-vessels run straight 
through this lymph-system, separated from the latter 
only by a layer of the connective tissue, and the 
cell-plates. These form the so-called basement 
membrane, and, massed round the endothelium and the 
blood-vessels in varying numbers, they produce the 
differing thickness of the vessel walls.
The arteries pursue a winding course from 
the muscle wall of the uterus to the surface and 
there (often under the epithelium,) they form a cap­
illary network, from which the veins, situated most­
ly in the proximity of the arteries, carry the blood 
back /
9.
back to the muscle. Arterial twigs are often seen 
surrounding the glands.
According to Leopold the finely granular 
material present in the intercellular space is coag­
ulated lymph.
>( 8)OHAMPIONIERRE in a work published in the 
year after that jn which Leopold's investigations 
appeared, considers the mucosa, like this author,
as forming a lymphatic surface.
(9)According to MORICKJ,(in a work which will 
be subsequently referred to in connection with the 
process of menstruation,) the interglandular stroma 
sformed by round and spindle cells, some free nuclei 
and an intervening finely granular amorphous mater­
ial. The round cells are distinctly granular,.
The other cells are oval, or spindle-shaped, with a 
clear, glistening nucleus, which fills almost the 
whole cell and only leaves a small amount of proto­
plasm at either pole. These cells are connected 
by means of long, fine filaments of protoplasm, 
which are often torn across. The free nuclei are 
oval; near them portions of protoplasm, resembling 
that found in the spindle cells, are seen. The 
nuclei, then, probably correspond to spindle cells 
which have lost their protoplasm. The connective 
tissue is arranged in the form of a fine network,
10.
in the meshes of which the round cells and a finely
granular substance are present.
(10)
FOIRIER, like Leopold, looks on the uterine
(1 1)
stroma as a lymphatic surface. MINOT in his 
"Human Embryology" describes the uterine stroma as
consisting of an indifferentiated embryonic tissue.
( 12)NAGEL returns to the conception, previously noted
under the name of FREI, that the stroma consists of
(13)
a lymphatic tissue. JOHNSTONE looks on it as an
(14)
adenoid tissue. WILLIAMS agrees with MINOT in con­
sidering the stroma as consisting of an embryonic 
tissue and he moreover declares that "when prepar­
ations from the endometrium are treated by appropriate 
methods, an abundant reticulum can be demonstrated 
throughout its entire extent, which forms the scaff­
olding upon which it is constructed." He describes 
the arteries as pursuing a spiral course through the
stroma, and breaking into a capillary network just
(15)
beneath the surface epithelium. WEBSTER, also, 
looks on the intergland stroma as a tissue of low or 
embryonic type. "It is best described," he says,
"as mainly consisting of delicate anastomosing nu­
cleated masses of protoplasm."
This brief summary of the literature is 
sufficient to indicate the very varying and conflict­
ing /
11.
conflicting ideas entertained by different observers 
as to the structure of the stroma of the uterine 
mucosa. The main difference of opinion centres 
round the exact histological relationship between 
the cells of the stroma and the intervening branch­
ing and interlacing fibrils, which form the network 
so frequently referred to. About the finely gran­
ular, amorphous material or Zwischensubstanz, there 
is less divergence of opinion; the larger number of 
observers agree with Leopold in considering it as 
coagulated lymph in the intercellular spaces. Accord­
ing to this same author the fibriller network con­
stitutes a separate and independent histological 
entity and forms a sort of scaffold on which the 
stroma is constructed. The cells are flattened like 
endothelium and line the intercommunicating spaces 
of the connective tissue network, in this way form­
ing a complex lymphatic surface or sponge. This 
belief is endorsed by many of the older writers; 
to-day it seems to commend itself to only a few ob­
servers, though WILLIAMS would seem to believe in 
the existence of this network as a distinct 
and independent entity. Most of the workers in the 
subject lean towards the idea that the network is 
merely formed by the branching protoplasmic process­
es /
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processes of the stroma cells. A fact which has 
struck me somewhat forcibly In the study of the lit­
erature on the subject 3 s the meagre attention which 
has been given to the structure of the blood-vessels 
of the mucosa. This Is all the more surprising In 
view of the fact that the structural changes which 
the stroma exhibits during menstruation and pregnancy 
are, at any rate, in the initial stages entirely de­
pendent on vascular alterations.
MATERIAL. In conducting the following investig- 
ations I have employed almost entirely fresh speci­
mens. This plan I have followed because of the 
readiness with which post-mortem change sets in.
Like other recent observers I have used uteri removed 
entire or specimens of the mucosa obtained by curett­
age. Specimens exhibiting a deviation from the 
well-established normal state of the glands, stroma, 
and vessels have been rejected. This has left, out 
of 3 much larger bulk of material, 3 complete uteri 
removed by operation, and 20 scrapings. In many 
cases the examination has been carried out with the 
aid of serial sections. In this section many refer­
ences are made to the specimens of the premenstrual 
and menstrual phases of the mucosa. (Page 88 ).
In /
In the ordinary renting state the inter- 
glandu.lar stroma is seen to consist of large numbers 
of cells. The nuclei are, for the most part, round 
or oval and are frequently so densely packed together 
that only a comparatively small amount of cell proto­
plasm is visible. Under higher magnification the 
nuclei are seen to possess,In most cases, a close 
chromatic network. With special methods of staining 
some of the nuclei stain with acid dye, others with 
the alkaline dye. The protoplasm of the cells is in 
some cases granular, in other cases sponge-like In 
nature. There is no evidence of a cell-mernbrane; 
in fact in many cases it looks almost as if the mesh­
es of the protoplasmic sponge communicate with the 
surrounding intercellular spaces. In many cases 
the outline of the cells is very irregular and ragged 
Intervening between the cells there are distinct 
intercellular spaces; across these, however, the 
cell-protoplasm is found to pass as strands, in this 
way establishing a direct protoplasmic communication 
between the contiguous cells. (Figures i ,r; ,4,8. ) 
These strands vary in thickness; in some cases 
they are stout, in other cases they are represented 
by the very finest filaments. It Is often possible 
to recognise that these fibrils are composed of gran­
ules /
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granules similar to those in the cell body, which 
are set in a line, somtimes in single file. The 
intercellular spaces are usually clear; in other 
cases they are occupied by an amorphous material 
which takes on a faint eosin stain. These spaces, 
as suggested by Leopold, in all probability contain 
lymph, which in the latter case has become coagulat­
ed. In some oases portions of the stroma here and 
there may be seen to be represented by masses of pro­
toplasm containing several nuclei - the different­
iation into cellular units usually present becomes 
lost. This is an unusual condition
and is probably not to be considered as anything but 
rare in the normal resting stroma.
The communication between adjacent cells 
is brought out more clearly in oedematous conditions, 
where the cells are spread apart; the protoplasmic 
filaments bridging across the enlarged intercellular 
spaces then become elongated,giving to the cells a 
distinctly stellate appearance.
(Plate i ). In many cases this protoplasmic com­
munication is represented by a fine network uniting 
the contiguous cell surfaces. In some
conditions this protoplasmic mesh-work may be present 
over a comparatively large area from which the nuclei 
and cells proper seem to have disappeared. This 
appearance may partly explain why some writers have 
been /
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been led to look on jt as a tissue independent of, 
or at any rate, not in direct structural continuity 
with the cells. Leopold and others, as already 
mentioned, have considered the stroma as consisting 
of cell units entangled in its meshes. None of my 
specimens have suggested anything to lend favour to 
this conception; on the other hand it is nearly 
always possible with careful focussing to determine 
that the fine filaments in the proximity of a cell 
amalgamate with its protoplasm and that, in reality, 
the network consists merely of finely drawn out and 
branching portions of the cell substance. In sup­
port of this view, in addition to the above obser­
vation, may be mentioned the fact that it is often 
possible to determine that the amount of perinuclear 
protoplasm is inversely proportional to the number 
and length of the surrounding fibrils, suggesting 
that the body of the cell is drawn on to furnish 
the substance of the network. Further, in the 
course of this investigation, reasons will be ad­
duced to indicate that if the communicating fibrils 
are torn across by any process leading to an enlarge­
ment of the intercellular spaces the drawn-out pro­
toplasm may be retracted within the cell-body.
From these observations it will be obvious 
that the protoplasm of the stroma is a very vari­
able /
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variable structure. In some cases it 3s represent­
ed by a sort of multi nucleated Plasmodium, In other 
cases, and this is the normal state, the Individual 
cells, though separated from one another by inter­
cellular spaces, or found attached by bridging pro­
cesses of a simple nature. In still other cases 
the protoplasm of the cells i s drawn out to form 
branching processes united to produce a fine and in­
tricate network.
The structural differences between the 
stroma cells are found to involve the protoplasm of 
the cell bodies chiefly. The nuclei, however, are 
found to exhibit many and diverging differences in 
staining character, size and shape. The altera­
tions in the staining properties and size will be 
referred to more fully in the course of this invest­
igation; suffice It for the present to state that 
any condition leading to an oedematous state of the 
stroma with an opening out and separation of the 
cellular elements is apt to be associated with an 
Increase in the size and a diminution in the
quantity of the nuclear stain absorbed. The var­
iations in shape which the nuclei exhibit have 
led many observers to recognise and describe 
cells of different kinds. In some of the cells 
the /
the nuclei are round, in others, they are oval, in 
still others, they become drawn out into rods. It 
seems more rational to explain these structural 
differences as representing changes in cells of the 
same order, due in the main to mechanical influences. 
A striking and convincing proof of this statement 
is as follows:- In the ordinary resting state the 
interglandular connective tissue, say in the super­
ficial part of the mucosa, is composed of cells 
densely packed together. The nuclei are round or 
oval and in the main the shape assumed by the sur­
rounding protoplasm is determined by the shape of 
the nucleus. ’¡There the cells are most densely
ipacked together one finds that the oval or rod-like 
nuclei predominate, whilst where the tissue is more 
open the nuclei and cells approximate more to the 
round shape. Further, round the glands and round 
the vessels one not infrequently discovers the cells 
and nuclei drawn out tangentially and arranged 
round the lumen of the gland or vessel in concentric 
layers. Immediately bordering on the gland, the 
stroma cells are sometimes markedly flattened, the 
nuclei are represented by fine rods which nestle 
close up to the epithelial cells; they then con­
stitute the so-called Basement Membrane of the gland 
(Figure 5 ). At first sight these well- mark­
ed /
17.
well-marked differences In contour would justify the 
conclusion that we are dealing with cells of differ­
ent orders, such as are described by many writers, 
(vide summary of literature .). This conclusion, 
however, is strongly negatived by the fact that in 
the presence of certain normal functional changes In 
the mucosa, these cell differences become obscured 
and often disappear entirely. If we still, for the 
sake of argument, limit our remarks to the more 
superficial portion of the mucosa (though, it should 
be noted, the same statements apply to the other 
regions,) we find that during the premenstrual stage 
in which the mucosa becomes greatly thickened due to 
an opening out of the stroma spaces by an oedematous 
escape from the blood-vessels which precedes the ex­
odus of the more solid constitutents of the blood, the 
cells assume for the most part a round or stellate 
character. (Plate I and Figures 1,4,11 ). The 
ppint of importance is that the previously existent 
dlscrepencies in form have become greatly diminished 
and In most parts completely lost. The only feas­
ible and logical conclusion from this observation is 
that the cells of the stroma in reality consist of 
units Identical in structure and, as far as our 
present knowledge can carry us, of units possessing
a similar function. A possible exception must be 
made to this general statement in view of the obser­
vation previously recorded, namely that the nuclei 
of some of the cells take on the acid stain, while 
others absorb the alkaline stain. Of the signifi­
cance of this condition we are still unable to ad­
vance any conclusive statement; the attitude of 
pathologists would seem to be in the direction of 
considering it an indication, in other regions, not 
of the existence of cells of a different order and 
function, but of the presence of varying phases in 
the life history of the same class of cell.
The stroma is seen from the above obser­
vations to approximate closely in structure to the 
developing mesoderm of the embryo, which consists of 
imperfectly differentiated cell units united with 
one another by branching protoplasmic filaments.
The microscopic appearances presented by the stroma, 
and especially the homogeneous character it exhibits 
on certain occasions, justifies the conclusions of 
many observers, namely that it consists merely of an 
undifferientiated embryonic connective tissue. Like 
the embryonic mesenchyme it is perhaps best con­
sidered as consisting of nucleated masses of proto­
plasm anastomosing with one another by means of 
finely /
finely drawn out parts of the perinuclear substance. 
Like the mesoderm of the embryo, also, the consistence 
of the protoplasm is probably more fluid than solid, 
in all likelihood, approximating to that of a soft 
jelly. This point will be again referred to later 
on. It seems likely that the many variations in 
shape of the cell bodies and nuclei are to be ac­
counted for by their ready response to any mechan­
ical influence, and that when these are removed, 
as in the premenstrual phase, the cells are able as 
it were to draw themselves together & assume the con­
tour of the characteristic round or stellate con- 
di ti on.
The condition described in relation to 
the stroma ceils in general applies with equal force 
to the, at first sight, differentiated cells sur­
rounding the glands - the so-called Basement Membrane, 
and those arranged round the vessels in concentric 
layers. Where the stroma elements are separated by 
oedema or where the glands have shrunk away from the 
surrounding tissue, the elongated appearance of the 
nuclei and cell bodies is frequently completely dis­
pelled and the cells are then seen, to be identical 
with the neighbouring stroma cells. (Figures G & 6 ). 
This observation suggests that the apparently spec­
ialised cells of the Basement Membrane have been 
moulded /
21.
moulded, to their shape simply by being pressed up 
and flattened against the gland cells and that, when 
this mechanical influence is removed, they are per­
mitted to draw themselves together. No other in­
terpretation so far as I can see can satisfactorily 
account for the appearances. Precisely the same 
description applies to the stroma cells surrounding 
the blood-vessels. As already mentioned, the 
stroma round the vessels in all parts of the mucosa is 
represented by concentric layers of elongated cells 
with oval or rod-like nuclei, this appearance be­
coming gradually replaced by the irregular dispos­
ition of the cells as the vessel is left. (Figures 
8, 9 ). Here again, where the stroma cells
are separated by a watery exudate these appearances 
vanish completely, and the vessels are seen to be 
supported by cells differing in no respect from the 
ordinary stroma cell.
The following observations, whilst perhaps 
more appropriately studied in connection with the 
changes which the mucosa undergoes during menstru­
ation, must be mentioned in this place in order to 
bring out one of the important characteristics of 
the stroma. That the consistence of the mucous 
membrane of the uterus is that of a soft, easily 
damaged structure is well-known. It can be scraped 
with ease from the underlying firmer coat of muscle. 
The /
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The study of the microscopic character of the stroma 
furnishes us with important Knowledge in this con­
nection. Under ordinary circumstances, as already 
noted, the stroma consists of closely packed cells 
and the appearances then revealed by microscopic 
examination suggest at first sight that the stroma 
consists of a fairly compact and firm material. The 
study of the changes involved in the production of 
an oedematous or watery opening up of the tissue is 
found, on the other hand, to warrant the conclusion 
that the consistence of the stroma is, or at any 
rate, can easily become, more that of a soft, al­
most fluid medium. The nature of the displacement 
and spreading apart of the stroma elements in oed­
ematous conditions, is, perhaps, best studied in the 
immediate vicinity of the vessels .-In these regions ve 
frequently find the stroma cells becoming detached, 
apparently with ease, in concentric layers. The 
less supported outermost cells away from the vessel 
lumen become loosened more readily than the densely 
pacKed cells which immediately abut on the vessel- 
walls. After the displacement of the outer­
most cells there can occur a similar loosening and 
teasing out of the inner cells. This condition 
would seem to correspond to a uniform and universal 
fluid escape round the vessel circumference. (Fig.
29 ). in /
In still other cases the stroma cells appear tc become 
ploughed up by the oedematcus escape from one part 
of the vessel wall, and in thjs way a clear tract 
is created leading directly from the vessel-lumen 
into the surrounding tissue.(Figure 30 )
In this process the stroma cells are apparently 
readily displaced to either side by the escaping 
fluid. In still other cases the cells of the 
stroma in the neighbourhood of the vessel concerned 
are seen to radiate from the vessel-wall, apparent­
ly wheeling into the line of the escaping fluid.
It is often possible, In these cases, to recognise 
that the cells are, as it were, lifted off in a 
layer from the vessel wall. This condition, when 
present, is found to involve the cells immediately 
external to the intima, and can occur only after 
the more external stroma cells have become displac­
ed. The cells thus lifted off like a flap from 
the vessel wall in reality correspond to a sheet 
of protoplasm. Exactly the same applies to the 
separation of the cells in concentric layers. These 
observations demonstrate in a convincing manner the 
soft displacable nature of the stroma protoplasm. 
The nuclei, which may be considered to correspond 
to more solid particles suspended in this semi­




In addition to the stroma cell, easily re­
cognised by its branching protoplasmic filaments, 
round cells, with comparatively large nuclei and a 
smooth regular surface, are usually visible. These 
lie free in the stroma spaces, singly or in numbers, 
and in all probability correspond to leucocytes of 
the l3onphocyte type. A careful study of my speci­
mens has convinced me that, under normal conditions, 
the presence of those masses of leucocytes or lym­
phoid nodules, described by ether observers,is only 
rarely detected. On Figure 7 is shown such a 
nodule. In addition to leucocytes even in a normal 
resting mucosa, blood, corpus les are not infrequently i 
encountered lying in the intercellular spaces of 
the stroma. These are of much more frequent occurr­
ence towards the free surface of the mucosa and 
where present are usually in the proximity of a 
blood-vessel. It seems likely that the intercell­
ular spaces are occupied, as suggested by Leopold, 
by lymph , which in some cases becomes coagulated 
to form, the finely granular amorphous substance often 
detected. Under abnormal circumstances one not in­
frequently discovers the deposit of filaments of 
fibrin in the spaces.
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STRUCTURE OP THE BLOOD-VESSELS OP THE 
UTERINE MUCOUS MEMBRANE.
The uterine mucosa is provided with an 
exceptionally rich supply of blood vessels. The 
arterial twigs reach the mucosa as the continuations 
of the smaller arteries found at the surface of the 
muscular coat. They pursue a tortuous course 
through the stroma, giving off small branches en 
route. In many cases the tortuous nature of the 
arteries is sc intricate that such a sinuous vessel 
when cut across in successive parts of its course in 
the same section may give the impression of a bunch 
of arteries closely set together. Per the most 
part the arteries appear to traverse the entire 
thickness of the mucosa and do not, break up into 
their capillary terminations till they reach the 
surface. Here these are not infrequently found to 
lie immediately subjacent to the surface epithelium. 
In many places, also, small branches are seen to lie 
in close proximity to, sometimes immediately in 
contact, with, the epithelial cells of the glands. 
When the vessels are distended this appearance is 
often brought cut more clearly and under these cir­
cumstances the vessels often seem to be mere numer­
ous /
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numerous in the neighbourhood of the glands than in 
the surrounding stroma. The blood is carried back 
by venous channels.to the muecular wall of the uter­
us. The veins, for the most part, are found in the 
proximity of the arteries, and like these, pursue 
a tortuous course.
In the resting state of the mucosa, as al­
ready mentioned, the vessels are convoluted, some­
times markedly sc. It is interesting to note that, 
in any condition which leads to an increase 
in the thickness of the mucosa, such as in the pre­
menstrual stage, the vessels become drawn out, the 
flexucsities become opened, out, and they are then 
seen to follow a course often perfectly straight for 
a considerable distance, a state which they never 
exhibit in the resting phase of the stroma. (Figures 
11,12 )• The rationale of this is readily under­
stood by a reference to the diagrams appended. (Fig­
ure 22 ). In the first figure is represented
schematically a tortuous vessel pursuing its way 
through the collapsed mucosa corresponding tc the 
resting stage. In the other figure is shown how a 
sx^elling of the mucosa, such as occurs in the pre­
menstrual phase will result in a drawing cu.t and 
straightening of the vessel, which will again assume 
the /
the tcrtucus state with a sinking together of the 
mucosa.
STRUCTURE OP THE MEDIA OP THE VESSELS 
OP THE ENDOMETRIUM.
In the resting state cf the mucous mem­
brane the vessels are lined by a layer of flatten­
ed cells, which are drawn out in the long axis of 
the vessel, corresponding to the direction of the 
blood flow. This is the usual condition, but not 
infrequently the blood is contained in channels, 
whose immediate wall is formed by cells indistin­
guishable from the ordinary stroma cells; in 
these cases it looks as if the blood is contained 
in no proper blood-vessel, but is simply channelling 
the stroma. (Figures 28,DO and Plate I.) The 
lining-cells are supported, on their cuter aspect, 
by cells which, in most places, are identical with 
the typical stroma cell. In some places, however, 
they are drawn cut to encircle the vessels as con­
centric layers of a varying number. In this way 
the mucosal vessels exhibit apparently specialised 
walls, of differing thicknesses, resembling those 
of arterioles in other parts. (Figures 8,9 ). This 
concentric arrangement cf supporting cells round 
the blood-vessels is often very strikingly brought out
28.
in pathological conditions. (Figure 4G ).
When this appearance is present it is 
seen to become less and less marked as the region 
of the vessel wall is left; the concentric arrange­
ment gradually fading away and becoming replaced by 
the more irregular disposition of the stroma cells. 
Whilst at first sight these cells lock like cells 
more or less specialised for the performance of 
their supporting function, it seems probable that 
theyconsist, in reality, merely of stroma cells 
modified in no greater degree than can be easily 
explained by mechanical influences, in the same 
manner as the cells immediately bordering on the 
glands and surface epithelium are often flattened 
out by their being impressed on the flat surface of 
the bases of the epithelial cells. In structure 
and staining characters the cytoplasm and nuclei 
of these cells differ in no respect from the sur­
rounding cells of the stroma. Like these, they 
are connected with one another and with the sur­
rounding cells of the stroma by means of protoplasm­
ic filaments, a condition brought cut with especial 
clearness after an cedematous teasing out of the 
stroma, such as will be subsequently described in 
connection with the process of menstruation. (Plate 
I ). A /
29.
A fact which brings heme in a convincing manner the 
identity of the cells forming the vessel wall (and 
at the present moment we are still discussing all 
the cells external to the endothelium, ) and the 
ordinary stroma cells is that under these circum­
stances where there is an cedematous opening up of 
the stroma, all the differences previously existent, 
even those of shape and contour, become completely 
dispelled. During the premenstrual swelling of the 
mucosa it is interesting and convincing to note how 
the cellular distinctions become levelled, and this 
in every part of the stroma which exhibits the oed- 
ematcus change. The ease with which this altera­
tion in cell form is accomplished would appear to 
warrant one conclusion, and one conclusion only, 
namely that the apparent differentiation of the cell 
under discussion indicates a change merely due to 
environmental circumstances, and that with the re­
moval of these the cell differentiation disappears. 
It seems not unlikely that the lateral pressure 
exercised by the blood, in the vessels is sufficient 
to explain the appearances, this will act in such a 
way as continually to tend to open out the vessel 
walls. With the soft, pliable nature of the stroma 




This description of the vessel walls, 
with an occasional exception to be presently men­
tioned, applies to the vessels in every part of the 
mucosa, from the deepest incursions of the stroma 
into the superficial part of the inuecularis to the 
free surface of the mucosa. It applies equally to 
the largest and best-supported vessels and to the 
smallest and most tender vessels at the surface.
This investigation, then, into the appearances pre­
sented by the vascular walls during the changing 
states of the mucosa reveals the fact that the sup­
porting cells, if we are to trust to the evidence 
acquired by the aid of the microscope, are identical 
with those forming the mass of the stroma. If 
possessed of a specialised wall at all, they must 
possess it only by virtue of the fine single-celled 
internal lining. Our research so far drives us to 
the conclusion that the vessel-walls are so con­
structed as to resemble, those of capillaries in 
other regions of the body, or, at any rate, the 
fact that the support is formed only by the elements 
of the soft, mobile stroma which can easily become 
lifted off, proves that they differ widely in 
structure from vessels of a similar thickness in 
other parts of the body. The fact that structure 
elsewhere /
elsewhere is always adapted, to function would indic­
ate that the remarkable appearances ,1nst noted are, 
in all probability, intimately bound up with the 
functional changes which the uterine mucosa under­
goes during menstruation and pregnancy.
On Plate I is represented an area of the 
uterine mucosa in the premenstrual stage. The 
stroma cells are separated by an cedematous exudate, 
which brings cut clearly the structural appearances 
which I have described. Throughout the section fig­
ured there has been,except in the immediate proxim­
ity of the vessels, a complete disappearance of the 
many and varied differences in cell form which are 
found in the resting and condensed state of the 
stroma. Instead of this the cells are found to have 
approximated to one type, the stellate cell. The 
adjacent cells are seen to be intimately connected
with their neighbours by means of branching proto-
\
plasmic processes, and the figure brings out in a 
very clear manner the constantly observed condition, 
that, except in the immediate proximity of the nu­
cleus, the stroma protoplasm is broken Tip into a very 
intricate network. The meshes of this vary greatly 
in size; some are discernable only by the aid of
a high-power lens, whilst others are so large as to 
be /
be seen easily with a lcw-pcwer cf the-microscope.
In fact, the appearances present would seem almost 
to justify the conclusion that the intercellular 
spaces are in reality cf the same order as the 
meshes of the network and like them consist merely 
of fluid spaces in the undifferentiated protoplas­
mic, mass, which forms the stroma.
On the plate are represented two vessels, 
or rather two different levels cf the same vessel. 
Both parts are distended, the upper mere than the 
lower. The point which I wish more especially to 
indicate in this place is the fact that the opening 
cut cf the stroma has involved the region in the 
immediate vicinity of the vessels, and here it is 
obvious that we are dealing with the same undiffer­
entiated nucleated protoplasm. In the portions 
of the stroma in this specimen, as also in others 
exhibiting the premenstrual condition, where the 
teasing cut cf the cells by the oedema has occurred, 
there is invariably present the same change in the 
vessel walls. In no place can we detect the con­
densed arrangement of the stroma in concentric lay­
ers such as one sees in the resting mucosa.
As can readily be understood the position 
just taken with regard to the structure cf the 
vessels /
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vessels would be effectively weakened by the discov­
ery of any muscular, fibrous, or elastic tissue as 
a structural component of their wall. With regard 
to muscular tissue there is a concensus of opinion 
in the literature that in no part of the mucosa, 
except occasionally in the vessel walls in the 
stroma immediately abutting on the muscularis, is 
there ever present muscular tissue. This my speci­
mens fully confirm. It has been likewise clearly 
established by previous research that in the normal 
mucosa there is never found a formation of fibrous 
tissue. The nearest approximation to fibrous tis­
sue is found in the spindle cells and their inter­
communicating processes of soft protoplasm. The 
true nature of these elements I have fully discussed.
ELASTIC TISSUE IN THE ENDOMETRIUM.
Sc far as I can discover there has been 
no exhaustive study in the literature in the direct­
ion of determining the ejcact quantity of elastic 
tissue present in the mucosa of the uterus. In 
none of the papers to which I have referred in the 
summary of the literature of the subject is it even 
mentioned. This, in view of the otherwise exhaust­
ive nature of some of the investigations, (Leopold 
Lttricke, etc.),is rather a remarkable emission. Most 
of /
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cf the research in this connection has been concerned 
with the location and quantity of the elastic tissue 
in the muscular wall of the uterus, to which a not­
able contribution has been added within the last few 
months by Pankcw. This author in a short paragraph 
touches on the site and amount, of the elastic tissue 
in the mucosa, and, as his research is especially im­
portant from the point cf view of the present dis­
cuss jon. I shall refer to it somewhat in full. Pan- 
low 1 suys, «Whilst in the mucosa, which has not yet 
begun to menstruate, of which^amcngst numerous others, 
is one especially cf a 17 year old girl, the elastic 
tissue in the vessels is either completely absent or 
is present in a few places as a very fine elastic in­
terna visible only with the oil-emersion lens, in the 
virgin menstruating uterus cf a like age, one finds 
quite a different condition. Instead cf the rare 
presence cf a very fine elastic interna one sees now 
a thicker elastic layer in almost all the vessels . .
............  . The elastic interna is net only
thickened, but the elastic tissue is present also 
in the media as a more or less completely encircling 
elastic layer, which is connected with the internal 
elastic lamina by means of fine fibrils. When these/ j
changes have still further progressed we can see the 
whole /
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whole wall surrounded with a dirty, greyish-blue 
elastoid mass, and it is then impossible to deter­
mine whether we are now dealing with an artery or a 
vein. In a 20 year old virgin I found these changes 
in a small vessel immediately under the surface of 
the mucosa, whilst it was completely absent in the 
deep layers.” Weigert's stain was employed by 
PanKow to distinguish the elastic tissue.
For the purpose of testing the validity of 
these investigations I have examined all ray speci­
mens. To detect the presence of elastic tissue I 
have used Weigert1s stain throughout. In all the 
sections of the normal mucosa, (including 23 in the 
resting stage, 3 in the premenstrual stage of swel­
ling, 7 during menstruation, and 2 immediately after)., 
there was a complete absence of elastic tissue in every 
part exceut, for the most part, in the deepest incursions 
of the stroma into the superficial .ortion of the muscr.l- 
aris. Here it was situated only here and there in 
the walls of the thicKer vessels as a fine lamina 
dust under the intima. It is completely absent in 
the surrounding stroma. Rarely the same appearances 
are detected in the deepest part of the stroma just 
external to the muscular coat. In no place were they 
encountered in the upper two thirds of the mucosa.
Whilst/
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Whilst the number of the specimens just 
cited would seem to to justify a conclusion in dir­
ect opposition to that of PanXcw, I have reinforced 
these observations by the same investigation in 40 
other specimens of the uterine mucosa which I have 
been able to obtain through the Kindness of hr.
James Ritchie, of the Royal College of Physicians 
Laboratory. These consist of scrapings obtained 
by the curette which were sent in for reporting 
and naturally comprise a large number of a pathologo- 
cal nature. Many of them, however, (10 in number) 
were, sc far as microscopic characters go, perfectly 
normal; the rest exhibited such abnormal conditions 
as oedema, haemorrhage, and dilatation or hyperlasla 
of glands, none of which, I maintain, could have 
any influence in the direction of diminishing the 
elastic tissue present. In these specimens the ex­
amination was identical in every respect with that 
above-stated. The results in a tabular form work 
out thus;-
No Elastic Tissue found in the Upper Twc-Thirds 
of the Uterine Mucosa in,
Z5 specimens in the Normal Resting Condition.
5 »' » » Premenstrual Stage.
9 " during Menstruation or immediately
after.
11 " With oedema and haemorrhage.
19. M With glandular dilatation or hyperplasia
75 TOTAL.
On /
On the strength of these observations, I 
think we are justified in stating that the existence 
of elastic tissue either in the vessel walls or in 
the stroma of the upper regions of the Uterine Mucosa 
is, if ever present, of rare occurrence.
These investigations are in complete ac­
cord with the vascular changes which I have previous­
ly noted. In the beginning it seemed to me unlikely 
that vessel walls, which can open up in the remark­
able manner described, could possible be equipped 
with the support which an elastic tissue layer would 
imply.
So far, then, we have seen that for some 
reason or other the uterine vessels almost immediate­
ly after reaching the mucosa throw off their special­
ised supporting coats. Here their walls external 
to the intima are formed entirely ’by the elements of 
the soft, mobile stroma, which in the thicker vessels 
is somewhat condensed to form a pseudo-media of vary­
ing thickness. Under certain circumstances, which
have been indicated and the importance of which will be 
*studied more in detail subsequently, +he cells of this 
pseudo-media can become easily detached.
STRUCTURE 0? THE I1TTIMA.
The /
STRUCTURE OF THE INTIMA.
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The flattened, cells which form the immedi­
ate lining of the walls of the muoosa. vessels appear 
at first sight to be of the nature of a true endo­
thelium, such as is found in other regions. That a 
specialised endothelial layer, however, is net an 
essential structural component of the stroma vessels 
is suggested by the fact which I have previously 
mentioned, namely that in many regions the lining of 
the vessels would seem to be formed simply by unal­
tered stroma cells. In these cases the vessel-wall 
often seems on examination to be constituted through­
out its entire thickness of cells resembling in all 
respects the ordinary stroma cells. (Figure ?,8 ).
This observation, which one sees occasion­
ally noted in the literature of the subject, sugges­
ted to me a line of enquiry in the direction of de­
termining if possible whether the flattened cells 
found in most places forming the internal vessel 
lining are, in reality, to be considered as a speci­
alised endothelium, which histological text-bocks 
indicate is an invariable component of vessels in 
other regions. These investigations,which have 
been carried cut in a considerable number of uteri 
exhibiting all the phases in the functional variations 
to which the mucosa is subject, have convinced me 
that here again we are dealing, not with cells, 
which /
which were in the course of their development bound 
to become specialised as an endothelial lining, but 
with cells which, in every respect except, perhaps, 
in a way which is easily explained by the mechanical 
influence of the blood stream, correspond to the 
stroma cells. As already mentioned the protoplasm 
of the mucosa cells has retained its soft and pli­
able embryonic consistence. It is drawn out with 
ease into long tender filaments and it adopts with 
facility any shape impressed on it by any extra­
cellular pressure. If packed together the stroma 
cells and nuclei are apt to assume an oval or rod­
like contour; when, on the other hand, the tissues 
become opened cut the cells and nuclei tend to as­
sume a more spherical shape, that namely, character­
istically chosen by cells free from unequal extran­
eous pressure, e.g. leucocytes.
The lining cells are seen, under the micro­
scope, to be connected with the Immediately adjacent 
cells by means of protoplasmic filaments, in this 
way, establishing a resemblance to the typical 
stroma cell. (Plate I and Figure 11 ). The 
nuclei of these cells are found, in sections which 
cut the vessel longitudinally, to be drawn out in 
the long axis of the blood-vessel. In staining 
character and in structural appearances the resem­
blance /
resemblance between the lining cells and the sur­
rounding stroma cells is perfect. In some cases, 
as already mentioned, the intimal cells are not 
even flattened cut like an endothelial lining and 
correspond in every respect, even as regards shape, 
to the stroma elements. (Figure 28 ). The proto­
plasm of the lining cells is granular in appearance; 
in some cases, like the stroma cells, it may exhibit 
a sponge-like character, and here again the meshes 
of the sponge often seem under the oil-emersion 
lens to open cut into the vessel lumen.
When the stroma cells become' loosened and 
separated from the vessel wall by means of an oedem- 
atcus exudate, the resemblance between the so-called 
endothelium and the adjacent cells becomes even more 
manifest. With those they are seen to communicate 
by means of long protoplasmic strands or by means 
of a fine network. When the endothelial layer of 
the vessel is cut across tangentially it is often 
impossible to distinguish in any way its component 
cells from those of the adjacent stroma. Under 
such circumstances, in conditions where the intercel­
lular spaces of the stroma are increased in size, 
(e.g. during menstruation ) it is often easy to dis­




These appearances are veil brought cut ir. 
Plate I. At the regions in the vessels correspond­
ing to the levels a, f, arc g, the endothelial layer 
is cut tangentially. The structural similarity of the 
cells to the adjacent stroma elements is convincing­
ly demonstrated. At these regions the lining cells 
are often seen tc be separated, bp spaces siirilar to 
the intercellular spaces of the stroma. In these 
red blood corpuscles are often seer to be situated. 
Appearances similar to those are shewn in Figures 
? and. 4. These observations at first sight strongly 
suggest that, in the opened-up stroma, the cells 
forming the vessel lining are separated by distinct 
intercellular spaces, and. that, in this way, the 
vessel lumen communicates directly with the adjacent 
meshes of the stroma. As will be subsequently 
described it would seem to be through these spaces, 
which have become enlarged, that the blood corpuscles 
make their first escape into the surrounding stroma 
during menstruation. Through these interstices 
betv.ren the cells individual blocc corpuscles are 
often seer, escaping and on tracing £ blood track bach 
to the vessel the red cells are often seen streaming 
in quantity into the adjacent stroma.
As is well-known the uterine stroma is 
peculiarly liable to an oedematcur or watery loosen­
ing/
loosening and separation of its constituent calls.
This condition is frequently detected in places in a 
mucosa in the resting stage which is perfectly normal 
in structure; as will be described in a subsequent 
section of this investigation it occurs, also, as a 
normal process in the premenstrual and menstrual muc­
osa and it would, in addition, seem to be a precursor 
of the decidual enlargement of the stroma cells in 
pregnancy. Its occurrence, also, is frequently 
noted in some pathological conditions. Whilst these 
facts will be studied in greater detail in a later 
part of this investigation, they must be noted here 
in reference to their bearing on the question of the 
real structure of the lining cells of the vessel.
During the premenstrual and menstrual alterations in 
the mucosa, the vessels, especially those towards the 
surface, are found to dilate, sometimes to a con°iderij)bl 
extent. In addition to this, however, they are ofteh 
seen to open out by an entirely different process; 
the adjacent stroma cells become teased apart, the 
lining cells part company with one another and, as it 
were, step bach to range themselves alongside the dis­
placed stroma cells. (Figures f,9, 30). Und^r 
these circumstances it is impossible to tell which 
are the original intimal cells and which the stroma
cells/'
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cells. The displacement of the cells in this pro­
cess entails the severance cf the intercommunicating 
protoplasmic fibrils binding them together. When 
this occurs, it seems that the protoplasm is with­
drawn within the cells, which then assume a more 
rounded contour. They lose completely their orig­
inal flattened appearance and identify themselves in 
every respect, with the surrounding cells of the stro­
ma. These facts suggest strongly that the flatten­
ed, endothelium-like shape which they present is one 
net only impressed on the cells by mechanical influ­
ences, but is one from which they recover quickly 
when this influence is removed. They thus corres­
pond closely with the so-called basement membrane 
cf the glands. This is often constituted by a row 
cf markedly flattened cells which abut on the gland 
cells. These are, as already demonstrated, In all 
likelihood, not specially differentiated cells but 
merely cells cf the stroma flattened against the 
gland - they lose their flattened appearance when 
released from the pressure. It is likely that the 
same considerations apply to the so-called endothel­
ial cells of the stroma. These appearances are all 
shown on Plate I, which represents a condition cf 
common note in the normal premenstrual mucosa. At 
the /
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the levels marked d and g the vessel walls are 
seen tc be opening cut. The flattened endothelial 
layer, possessing its ordinary characters at c, is 
seen at. d tc have opened cut and to have been 
carried alongside the stroma cells tc. aid in the 
formation cl the confines of the newly created 
blood space. Herejt, is Impossible to tell which is 
original endothelium and which is stroma cell.
The same appearances are detected at other parts of 
the vessel walls. In figure 24 , also, are shown 
the changes associated with an opening out of the 
vessel walls. On one wall cf the vessel, which 
has net shared in the process, the drawn-out flat­
tened cells cf the Intima are visible; on the 
other wall, in which the process is well-marked, it 
is impossible tc distinguish between the inner cells 
and the cells cf the siirrounding stroma.
I have previously demonstrated t.he fact 
that the walls of the vessel external to the endo­
thelial layer are formed exclusively cf stroma cells 
sometimes compressed together tc lend greater sup­
port to the wall, but otherwise identical with the 
stroma cells. In this way we were led to the con­
clusion that the vessels of the stroma of the uter­
ine rnuccsa must be considered to correspond in 
structure,/
structure tc capillary vessels in ether regions. I 
have new advanced facts tc prove that the so-called 
endothelial layer is, in reality, not composed of 
specialised cells but merely of stroma cells, in 
some cases flattened liXe a true endothelial lining, 
whilst in ether cases it consists of stroma cells 
unaltered even in form. In the siibsequent sections 
of this investigation still further evidence will 
be adduced in support of the contention that the 
intimal and the stroma cell are structurally and 
functionally identical. Prom the foregoing 
observations, it would thus seem liXoly that the 
blood flows through the stroma, net in properly 
formed blccd-vessels, but simply in channels which 
it has formed for itself in the soft, mobile proto­
plasm of which the stroma is constituted. This 
has become displaced, orobably with 
ease. In the formation of the blood track.
If, as these observations Indicate, the so- 
called blood-vessels of the endometrium are, jn real­
ity simply undifferentiated tracks through the 
stroma, we would expect to find that the larger 
vessels in the deeper part of the mucosa would con­
form in structure with the fine capillary twigs to­
wards the surface. That this is the case is a 




out, it i? interesting and instructive to note that 
the comparatively thick-walled arterioles in the 
muscle wall with a distinct endothelial lining and 
a wall formed by muscle cells and elastic fibres 
apparently throw off their supporting coats almost 
immediately the stroma is reached. In none of the 
specimens is there any evidence of muscle, fibrous or 
elastic tissue in any part of the uterine stroma, ex­
cept that adjacent to the muscular coat. Where the 
vessels require an extra support they derive it throug 
a condensation of the neighbouring tissue cells.
In this place attention must be called to 
observations made by Leopold in connection with the 
structure of the stroma of the uterine mucosa. In 
his work he has clearly demonstrated in the human 
subject and in some of the lower animals the struct­
ural resemblances between the intirna and supporting 
cells of the vessel wall and the cells of the stroma. 
The great importance of this observation would seem 
to have been somewhat obscured by the fact that more 
recent workers on the subject have demonstrated the 
fallacy of Leopold's statement that the cells of 
the stroma consist of round or oval plates, for the 
most part, independent of one another. The con­
nective tissue fibrils which often form a complicat­
ed/
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complicated network we new know do net, as Leopold 
maintained, constitute a completely independent 
structural entity but are in reality merely drawn 
out processes of cell protoplasm.
These erroneous observations led Leopold 
to the belief that the cells are in reality endo­
thelial plates, which, set side by side, form a 
continuous endothelial lining for the lymphatic 
sponge of which the stroma consists. ^he cells 
forming the walls of the blood-vessels ore, also, 
according to Leopold, endothelial in nature; the 
thicker-walled vessels^as well as the finer, con­
sisted throughout of these endothelial plates. I 
mention those observations of Leopold as they, to a 
certain extent, confirm my own investigations, al­
though my research has led me to adopt an entirely 
different interpretation of the appearences present­
ed.
Throughout this record it has been men- 
t loned that the appearances presented by the mucosa 
at first sight suggest that the intercellular spaces 
form an intricate network cf fine tracks freely com­
municating with one another, and that, in this way, 
the mucosa as Leopold first suggested constitutesa /
a sort of lymph sponge. This interpretation of the 
structure is derived from*twc separate observations.
(1). The protoplasmic connections between the 
cells are usually represented in section as fine 
filaments, and these certainly appear under the 
microscope like threads stretching across the spaces, 
and the conditions suggest that, whilst just suffic- 
ent to connect the adjacent cells, they do not inter­
rupt the communication between two neighbouring 
spaces. (2). In the second place Leopold was able 
to inject this intricate system of spaces from the 
lymphatic trunks in the muscular wall of the uterus 
and under the peritoneum. Are these two observa­
tions necessarily to be taken as proof positive of 
the usually accepted interpretation of the structure 
of the protoplasmic network of the stroma? My in­
vestigations have mere ard more convinced me that on 
this subject we Eiay have.been rather hasty in acced­
ing to the teaching of Leopold and subsequent obser­
vers in view of the somewhat flimsy nature of the 
evidence advanced. It is obvious that an appar­
ently thread-like connection between two adjacent 
cells would be the appearance revealed in section 
if this protoplasmic communication were of the nat­




the evidence is net convincing. In the second 
place all that Leopold's experiments demonstrate 
with certainty is that between the uterine mucosa 
and the muscular lymph-vessels there is a tissue 
connection. The fact that colouring matter 
Injected under pressure disseminated itself through­
out the stroma does not necessarily prove the fact 
that the tissue spaces are in complete continuity. 
It is clear that a minimum pressure would suffice 
to rupture the fine protoplasmic films if such ex­
isted. Whilst the experiments prove all that Leo­
pold desired to shew, they no more convincingly and 
indisputably substantiate the orthodox conception 
than would the rupture of a soap bubble with a 
pin pricK prove that the interior of the bubble 
was previously in direct communication with the 
cuter air.
Whilst on such fine histological details it 
is impossible to dogmatise, I would submit the 
following observations in favour of the idea that 
the communications between the stroma cells are 
not of the nature usually supposed, i.e. threads 
of cell-substance, but may in reality consist of 
protoplasmic films and that each of the intercell­
ular spaces, in the resting state of the corres­
ponding portion of the mucosa, is in this way com­
pletely shut in on every side.
(1), /
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(1 ) I have shewn hew in the cpening cut of 
the vessel walls, the endothelial cells are ahle to 
step bach and range themselves alongside these of 
the stroma. (This I shall refer to in greater de­
tail in the section on the Menstrual Changes).
Under these circumstances, there is often an assoc­
iated teasing apart of the stroma elements, with a 
marked widening of the intercellular spaces. 
According to the usually accepted idea, this opening 
up of the stroma should result in a freer communi­
cation than ever between the fluid tracks. The 
teasing out of the intimai cells is necessarily 
associated with a separation of the intervening con­
nections. The result of these changes is that in 
the end the vessel wall is formed, almost entirely of 
the stroma elements separated by the intercellular 
spaces, which, if the ordinary conception be correct, 
open directly into the vessel-lumen, and by apertures 
much larger than the intercellular spaces of the rest­
ing stroma. Is this so? As we have shown these 
changes result in a marked expansion of the vessel 
lumen and this, in its turn, must be associated with 
a distinct increase in the lateral pressure of the 
bleed fluid. This we would expect to determine at 
once a liberal and universal escape of the red cells 
into the adjoining tissue through the perforations 
in /
in the wall, many cf which are large enough to acc­
ommodate several red cells. The fact that this is 
not so, and that instead, whilst there has been a 
copious fluid escape, the red cells are for the 
most part retained in the lumen and can often be 
seen to lie tip against the vessel wall, strongly 
suggests, I submit, that this is net perforated but 
complete. In several places, undoubtedly, the red 
corpuscles can be seen leaking through the wall, 
but this is only comparatively seldom, and only 
where a giving way of the tissue bridge between the 
lining cells can be seen to have given 
way (Plate I.) If my interpretation, then, of the 
mode in which these blood spaces are formed be 
correct, (and I shall substantiate it in the next 
section, ) we have strong evidence in favour of the 
fact that the protoplasmic connections passing be­
tween the cells are complete films and not mere 
threads.
(2.) Another observation of weight with 
regard to this question is to be found in the fact 
that the protoplasmic bridges between adjacent cells 
are almost invariably seen to be complete in the 
sections i.e., one can almost always follow the wall 
of protoplasm completely round the intercellular 
space. This we can do both in the case cf
the small /
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the smaller spaces and in the largest spaces. If 
these tissue bridges corresponde! to filamentous pro­
cesses W9 would almost certainly find that in sec­
tions they would be in places, and probably in many 
places, completely severed as the section cut them 
across. On the other hand, if they correspond to 
complete spherical films at various parts of whose 
surface the cells are situated, it is clear that no 
matter the plane in which the section is made, the 
intercommunicating bridges will be invariably com­
plete. It seems to me that this observation cf 
itself is confirmatory evidence cf the strongest 
type in favour cf the conception of the nature cf 
these spaces which I have advanced.
From these observations, then, it seems 
likely that the intercellular spaces, which form one 
cf the chief structural characteristicscf the mu­
cosa, do not freely intercommunicate to form an 
intricate and complete network for a fluid circul­
ation, but are, in reality, each a separate and dis­
tinct fluid space or "vacuole" separated from its 
neighbours by a protoplasmic film. As the existence 
and nature cf these spaces seems to me to be cf the 
greatest importance from the point of view of the 
structure of the stroma and the functions which this 
subserves, it will be necessary to study them in 
greater detail.
STRUCTURE /
STRUCTURE OF THE TISSUE NETWORK OF 
THE STROMA.
A8 has been shewn by a study cf the liter­
ature, the existence cf this fine network in the ut­
erine mucosa early attracted attention. By many 
observers it is locked upon as a structural entity 
completely independent cf the stroma, whilst by 
others, and these the most recent workers on the 
subject, it is recognised as consisting of drawn- 
out portions of the protoplasm of which the stroma 
is formed.
One cf the most remarkable features of the 
strcma which my investigations have revealed, is 
the striking variability in appearance which this 
structure exhibits. In the resting state cf the 
stroma, when the cells are usually closely packed 
together, the protoplasmic bridges are, for the 
most part, simple and unbranchod.
In conditions associated with a teasing cut of the 
strcma, on the other hand, it is usually found 
that this structure asstimes an appearance cf the 
greatest complexity. Instead of the straight 
bridge-like process there is found between the ad­
jacent cells an excessively intricate structure, on 
section /
section looking lil e a finely-spun network.Instead 
cf the simple intercellular space there are found 
a large number of spaces varying greatly in size, 
the smallest only recognisable with the oil-amer- 
sion lens, whilst ethers are visible with the low 
power cf the microscope. ( Plate Ill&iy.). These 
appearances will be discussed more fully in con­
nection with the stroma changes in menstruation.
In this place, however, an observation must be 
noted because of its importance in connection with 
the probable nature cf the intercellular space.
With the appearance cf this intricate protoplasmic 
structure it is often seen that there is a dimin­
ution in the amount and even a disappearance cf the 
denser cell-substance round the nuclei. In other 
words it is clear that the cell cytoplasm has been 
drawn on to furnish the material cf which the net­
work is formed. The spaces are filled with a 
clear fluid and, as I shall subsequently point out, 
it is likely that in this change we see the result 
of an active fluid imbibition by and displacement 
cf the protoplasm of the strcma cells. The process 
in all liklihocd is determined by an osmotic diffu­
sion into the cell protoplasm, the soft embryonic 
natiire cf which is eminently adapted to allow of this 
occurring with ease. If such be the case the newly- 
created. spaces /
spaces will correspond tc those which are well-known 
to occur in hydropic distension of cells in other 
tissues, and which 1 shall subsequently illustrate 
with greater precision in the stroma cells. I men­
tion these facts somewhat in anticipation for the 
purpose cf indicating that in the intercellular 
spaces cf the ordinary resting state and the intri­
cate arrangement cf fluid spaces which appears in 
an cedematcus strcma we are probably dealing with 
exactly the same structural conditions, i.e., fluid
cavities for the most part completely closed In.
The structure cf the stroma coincides close­
ly in appearance with that cf the mescdermic tissue 
of the developing embryo, and it has for this reason 
been considered by many observers as being nothing 
more than a primitive or embryonic connective tissue. 
This conception cf the stroma my investigations 
amply confirm, but they have carried us still further 
in indicating that the lack cf differentiation ap­
plies with equal force tc the blood-vessels as to 
the surrounding stroma, and that, in fact, the ves­
sels consist in their entirety cf ordinary stroma 
cells, which, if altered at all, are simply altered 
in a way easily explained by the influence of the 
blood stream. The blocd-vessels, in other words, 
have no specialised wall but consist merely cf 
tracks /
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tracks cr channels through the soft stroma proto­
plasm, by means of which a rich supply of blood is 
carried to every part of the mucous membrane.
Stage by stage the researches here re­
corded have led to a conclusion in direct conflict 
with the orthodox conception of the capillary sys­
tem in other regions of the body. (It has been 
shown that the blood vessels of the mucosa corres­
pond closely in structure to capillaries in other 
parts.) This of itself did not deter me in my 
belief, especially in view of the fact that in 
ether respects the structure of the stroma of the 
uterine mucosa must be considered to conform with, 
and correspond to no other tissue in the adult 
human body. Enciigh I think has been shown in this 
investigation to confirm this belief. It seems 
not unlikely, also, that the usual description of 
vessels in other organs of the body may not necess­
arily apply to those of the uterine mucosa, espec­
ially when we recall to mind the functional changes 
which this structure presentb. During menstru­
ation there is a liberal opening-up of seme of the 
vessels toward the surface; reasons will be ad­
duced in a subsequent section of this record to in­
dicate that the structural peculiarities of the 
vessels of the stroma and of the stroma itself are 
such /
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such as tc permit this tc occur with the greatest 
possible efficiency. During pregnancy, also, there 
is an immediate and easy gaping cf the vessels in 
the proximity cf the enbryc- the great perfection 
of this mechanism, also, would seem tc be attribut­
able in a large measure to the conformation cf the 
vessel walls.
These two questions, namely the opening-up 
cf the vessels during menstruation and the mode by 
which the developing ovum is furnished with its blood 
supply, will be discussed in subsequent portions of 
this invesigaticn.
It would seem, then, not unlikely that un­
usual function may demand unusual structure. The 
fact that the construct ion cf the vessels cf the 
uterine mucosa follow® a different order from that of 
vessels else\^here in the body would seem tc be amply 
accounted for by the remarkable functions which they 
have tc subserve. It has, I think, been clearly 
shown in the preceding pages, a fact which, moreover, 
Leopold had convincingly demonstrated many years age, 
that the portions of the vessel walls corresponding 
to the media and externa in ether regions of the 
body are formed, net by muscle or connective tissue, 
but merely by stroma which is condensed in a meas­
ure proportional tc the needs of the vessel, but in 
such /
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such a way as tc offer nc obstacle to a ready gaping 
of the vessel when occasion demands. This struct­
ural peculiarity at once places the uterine vessels 
in a class by themselves, and, this proved, the 
structure claimed for the intirna is rendered not 
so unlikely as it otherwise might be.
Some recent work oil the comparative hist­
ology of the blood vessel system is of importance 
in this connection, and is suggestive in indicating 
that the cells entering into the construction of the 
vessel walls are not necessarily such as were bound 
to subserve this function in the course of their 
development, and that the so-called endothelium may, 
at least under certain circumstances, be derived 
directly from the connective tissue cells in the 
proximity of the vessel. It would tend, in other 
words, to indicate that the stroma of the uterine 
mucosa, which, after all, has for long been classi­
fied as a rudimentary tissue retaining its embryon­
ic character, has its prototypes in the animal king­
dom JromDahlgren and Kepne“!?7 in their “Principles 
of Animal Histology»! I would quote the following 
suggestive paragraph.
"The main blood channel system itself has 
many differentiated regions. The region of thin- 
walled capillaries and lacunae, the strong-walled 
conducting /
conducting vessels, and the blood-forming organs 
and the muscular ptimping stations or hearts ...
.........  Most specific of these portions are
the capillaries and lacunae, for it is here that 
the region work cf the blood is accomplished, the 
exchange of material with the tissues. Hero 
the walls of the vessels are thinnest or even 
apparently wanting. In this case the connective 
tissue cells that surround the channel, while net 
differentiated into definite channel walls, act 
in that capacity, sc that we cannot say that re­
taining walls are altogether absent...........
The internal tissue cf a Turbellarian 
worm is a loose aggregate cf several hinds of 
weaKly differentiated cells. Known as parenchyma. 
These cells do not touch each other at all 
points, but are connected by strands, and in con­
sequence, there may be easily seen between them 
a great many spaces, Known as the intercellular 
spaces, which are united into a large connecting 
system that extends throughout the body. This 
system cf spaces is filled with a fluid, and 
this fluid carries the digested food materials, 
the oxygen supply for internal cells, the com­




a simple blood-vessel. This is the undiffer­
entiated, unorganised form cf blood-vessel system 
and a sert cf circulât ion must inevitably take 
place as a result of the ordinary movements of 
the animals's body. This grade of structure is 
to be seen in a number of the lower and simple 
animal forms, and sometimes as an accessory ap­
paratus to several grades cf complete blood-
channel system" ............
In this description of a simple blood 
system we cannot fail to see a strong analogy to 
the structure of the uterine mucosa as figured in 
the previous pages. The comparative researches 
cf these authors reveal sc much evidence of value 
with regard to the investigations here recorded, 
that I cannot refrain from quoting still further 
from their interesting work. Their researches 
prove that,
“The intima may alone confine the blood
stream, or if the pressure is too great, it may »
be reinforced by the connective tissue cells 
that immediately surround it. These cells dev­
elop :heir connective tissue as fibrils or 
plates or webs with which they bind and hold the 
vessel intact when the bleed presses on its 
walls."
This description corresponds accurately
to /
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tc the condition which we noted in the vessels 
of the uterine mucosa, with the exception that 
the development of a mere specialised connective 
tissue in the walls occurs to a much less degree 
than is usually found. Again they say "all the 
cells and the tissues that they form were pro­
bably not cells that were bound in the course 
of their development tc become so specialised, 
but as far as can be told, they were such of the 
connective tissue cells as happened tc bo in the 
course of the developing blood channel as it 
pushed its way among them, and vrere developed in 
response tc the needs of the vessel."
The results obtained by Dahlgren and Kep- 
ner from a comparative study of the developing 
blood systems in various animal classes is of the 
greatest importance in relation to the origin of the 
different coats of the vessels in man, and they 
would tend to indicate that the hitherto widely 
accepted opinion that endothelium must develop from 
endothelium, muscle from muscle, etc, may require 
some revision in the immediate future. In any case 
their work seems to me to lend added feasibility to 
the conception of the vascular system of the uterine 
mucosa to which my researches have pointed. I may 
state that my conclusions had been definitely arrived 
at /
at and were distinctly formulated in my own mind be­
fore I had the opportunity of seeing the results of 
the work of these two investigators.
S U M M A R Y.
(1) The stroma of the uterine mucosa consists of
a soft semi-fluid protoplasmic mass im­
perfectly differentiated into cellular 
elements.
(2) The cells are separated by intercellular
spaces, which together form a complicated 
system occupied with clear fluid (ordinary 
lymph according to Leopold).
(3) The cells anastomose freely with one another
by means of protoplasmic processes. They 
present many and varying alterations in 
shape, but these are easily dispelled and 
the cells then approximate to the typical 
round or stellate shape. The differentia­
tion of the stroma cells is, thus, probably 
more apparent than real.
(4) The intercellular spaces,in all probability,
do not communicate directly with one another. 
The/
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The anastomosing processes of the cells 
are probably not filaments but films of 
protoplasm . which under ordinary circum­
stances close in the fluid cavities.
The intima and media of the vessels, and the 
basement membrane of the glands are no­
thing mors than ordinary flattened stroma 
cells. This shape they easily lose.
Except in the deepest layers of the mucosa 
the vessels have no specialised support­
ing coats (muscle, elastic tissue).
The vessels are obviously so constructed as 
to allow a ready and universal opening up 
of their walls, and the structure and con­
sistence of the stroma such as to permit 
its ready displacement by fluid or blood. 
It would seem that these structural pecu­
liarities must have some intimate bearing 
on the functional changes of menstruation 
and pregnancy.
S E C T I O N  I I .  
MENSTRUATION.
64.
CHANGES IN THE UTERINE MUCOUS MEMBRANE 
DURING MENSTRUATION.
LITERATURE. As was true in regare to the normal 
histology of the uterine raucous mer.hrare, the micros­
copic changes present Curing the process of menstrua­
tion have been studied by many observers with num­
erous and conflicting results. Before proceeding to 
the results of my investigations it will be necessary 
to refer to sorae of the most important papers written 
by previous writers. As there is, so far as I 
could discover, in the English language, nothing more 
than short abstracts of the literature on menstruation, 
my study has necessitated a rather lengthy investiga­
tion, in many cases, of the original papers. As 
most of these are in German or French, I have thought 
it wise as far as possible, to include them in this 
compendium, of the history of the subject. The order 
followed in the resume will be as far as possible of 
a chronological nature.
By the ancients many and grotesque ideas 
were entertained with regard to the monthly loss of 
blood. These do not at present concern us.
The first truly scientific treatise of the
subject/
65.
subject appeared in the middle of last century in the 
18 " ] 9work of Bischoff, Pfluger and others. By these 
authors the relationship existing between the rupture 
of the Praafian Follicle with the escape of the ovum 
and the changes in the uterine mucose was first de­
finitely formulated. As we shall have to refer sub-
trsequently to Pfluger1s interpretation of the inter­
dependence of the two processes it is necessary to 
summarise ix here. According to hin the :vrowth of 
the cells in the ovary previoxis to ovulation leads to 
an increasing irritation of the nerve fibrils imbedded 
in the parenchyma. When the sum of the stimuli 
reaches a certain degree of strength a powerful re­
flex congestion of the genitalia is induced with the 
consequent blood escape from the uterine surface.
As regards the anatomical changes in the
PCmucosa during menstruation, Pouchex it would seein is
the first author-responsible for the assertion, that
at each period a „.-.ole exudate is formed on the inner
surface of the uterus (decidua) which is thrown off if
pregnancy does not occur. Bischoff1s researches
on the other hand demonstrated that the decidua is
not entirely a new formation but is produced by
P. 1
changes in the mucosa of the uterus. Janzer in the 
case of a young woman who died shortly after menstrua­
tion noted a thickening of the mucosa and a length­
ening/
lengthening and widening of the glands. The epi­
thelial cells of the surface and of the glands hado o
lost their ciliated margin. Mechel noted a thicken­
ing and growth of the mucosa during menstruation,
25especially affecting the glands. H.ennlg described a 
softening of the mucous membrane which assumes a 
spongy structure° the glands are lengthened and be­
come tortuous and the vessels are distended with 
blood. Frei arrived at somewhat similar results.
He saw in addition detached epithelial cells in the 
escaping blood. Hyrli declared that the epithelium
of the surface is thrown off during the process, but
I! 2 5it soon becomes replaced. Kolllker described a 
softening and thickening of the mucosa, with the es­
cape of blood from the ruptured superficial capilla­
ries. There is present a detachment of the great 
part of the superficial epithelium with the exception 
of that of the cervix This is found in the escaping 
blood.
The observations above recorded com­
prise the chief work done by the older writers.
26
Sigismund in 1871 advanced the theory, which is still 
held, or has been held till recently, by many writers 




his theory on the supposition that the mucous mem­
brane is thrown off at each menstruation period. The 
bleeding corresponds to that found in an ordinary 
abortion, and is associated wit', a discharge of the 
mucosa with the ovum. According to him the ferti­
lised ovum corresponds to the ovulation period as­
sociated with the first monthly period missed. With
5the appearance of the work of Kundrat and Engelmann 
in 1873 a new era in the scientific study of the 
subject is opened and from that time onwards treati­
ses on the changes in the uterine mucosa during 
menstruation follow one another in rapid succession. 
According to Kundrat and Englemann the process is 
associated with a swelling and softening of the mu­
cosa. The softening occurs to such a degree as to 
make the mucosa almost fluid in consistence. There 
is injection in some places. The interglandular 
tissue in the upper part is richer in cells, due to 
an increase mainly of the round cells. Both kinds 
of stroma cells and those of the glands are multi­
plied. At the time and for some time afterwards the 
cells become turbid and are filled with fat-drops. 
This is present not only in the superficial cells of 
the stroma but also in those of the blood vessels and 
epithelium of the surface and the glands. They 
think/
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think that the fatty degeneration is in all probabi­
lity the cause of the bleeding. A large part of the 
surface and gland epithelium becomes detached.
The next important contribution to the 
subject is that of Williams (Sir John). His mat­
erial was obtained for the most part from patients 
who had died of acute infectious fevers, in all nine­
teen. Therc was fatty degeneration of the whole 
mucosa during menstruation: it begun at the os inter­
num and spread to the fundus. The contractions of 
the uterus force the blood into the mucosa and as a 
result, of the fatty change the vessels give way with 
a consequent extensive haemorrhage which results in 
a complete detachment of the mucosa. Thin is re­
generate. from the muscular’ coat. The process begins 
here again at the os internum and by the end of three 
days two thirds of the mucosa is restored; after a 
week the surface is completely covered by mucosa with 
an epithelial lining. The plain muscle fibres pro­
duce the spindle-cells, the connective tissue the 
round-cells, the round-cells the epithelium. Men­
struation is not to be considered as a mere congestion 
but is rather a degeneration followed by 
bleeding.j
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bleeding. Underhiit in the uterus of a woman who died
from apoplexy immediately after menstruation noted
that only the superficial layer of the mucosa was
absent. The glands were running obliquely or
parallel to the surface and were present deep
7into the muscular coat. Loomold. to obviate the 
risK of confusing changes induced by illness 
with those due to the menstrual process, used 
material only from patients who had died from sudden 
illness and accidents and who had had normal men­
struation. He described the changes in the mucosa 
not only during, but before and after, menstruation.
His work constitutes an important addition to the 
literature of the subject. According to him the 
mucosa undergoes a considerable swelling several days 
before menstruation - even to a thickness of 6-7 mm. 
With the onset of menstruation this swelling disap­
pears and the mucosa returns to its usual thickness 
of about f-3 mm. With the increase in thickness a 
marked folding of the surface occurs. Because of 
the falling together of the mucosa after the onset, of 
the bleeding the uterine cavity is less encroached 
on luring than Just before the process. The swell­
ing is due to (i) a multiplication of the endothelial 
plates —j
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plates - the Zeliplatten, which, as we have seen, are 
supposed, by Leopold, to constitute the main substance 
of the stroma: (2) oedema. By this the mucosa is 
opened out, and becomes softer. The glands increase 
in length and width, whilst the blood-vessels, until 
shortly before the onset of menstruation are not yet 
notably distended. In discussing the probable 
cause of the bleeding he disapproves of the idea of 
Kundrat and. Engelmann that it is due to a fatty de­
generation of the stroma, the vessel-wall, and the 
epithelial cells of the glands and surface. In 
support of this contention he declares that so long 
as the occurrence of a fatty change before the onset 
of the bleeding is not constant, it cannot be con­
sidered as the cause of the menstrual phenomena. In 
describing a specimen obtained a few days before 
menstruation he notes that the mucosa is swollen, it 
is quite intact and shows no fatty degeneration, nor 
distension of the blood-vessels. his explanation 
of the f ctors at work in the production of the 
bleeding is as follows:- As the result of the ovarian 
influence an acute hyperaemia of the uterus is in­
duced. The blood-vessels become markedly swollen 
and this is facilitated by the softening and loosen­
ing of the superficial tissues, which occur during 
the/
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the premenstrual phase. From the widened, capillaries 
there is an escape of red and white blood corpuscles 
for several days into the immediately surrounding 
tissues and by this means the superficial epithelium 
and the epithelium of the gland-mouthe are lifted off. 
The actual onset of the bleeding is determined, not 
as Williams declares by a degeneration and separation 
of the mucosa, but by the arrangement of the blood­
vessels. Though the spiral nature of the arteries 
tends to slow the blood flow the vessels are markedly 
flushed and an increased quantity of blood is thereby 
carried to the superficial capillaries. Here again 
the blood stream is arrested, firstly through the 
enormous widening of the capillaries, and secondly 
through the sparse supply of venous channels in the 
mucosa. These two factors determine the free es­
cape of the blood from the vessels or. to the surface 
of the mucosa from which the superficial epithelium 
has been detached. Leopold maintains that, though 
the existence of a relatively poor supply of efferent 
blood channels in the mucosa has never been absolute­
ly proved, certain conditions which he cites, make 
it extremely probable. Further, with the escape of 
the blood and the oedematcus fluid the mucosa col­
lapses, the previously opened-out tissue becomes 
dense,/
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dense, and the elongated gland tubules rust double 
up and assume a spiral or corkscrew course. With, 
the cessation of the bleeping; at the fifth or sixth 
day, regeneration sets in, the superficial breaches 
of surface become filled in by an increase in the
I fZellplattehen, and the denuded epithelium is replaced
by that lining the glands. "The mucosa undergoes
changes to be likened to an ebb and flow and not a
progressive and a retrogressive metamorphosis".
» 9Moriche, in 1382 published a treatise on the struc­
ture of the mucosa of the uterus, with which he 
incorporates a careful and elaborate investigation 
into the changes which occur during menstruation.
This work marks a still further and important ad­
vance in cur knowledge of the subject. The material 
on which the researches were based, was obtained from 
45 women and includes every stage in the menstrual 
process. Many of the specimens were useless for
the purpose becaup- of th soft .end pulp-like nature
of the mucosa which renders it easily damaged, by the 
curette. Under these circumstances "che microscope 
reveals only the presence of masses of cells and 
free nuclei. He examined his specimens both in the 
fresh state and after hardening. In the fresh the 
epithelial cells have always retained their cilia, 
and/
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and o f t e n  deep in t o  the glands. The re  is no trace 
of f a t t y  d e g e n e ra t io n  e i t h e r  i n  th e  cells o f  th e  
s trom a  or th e  e p it h e l iu m .  The body o f  the epithelial 
cells consists of the characteristic granular proto­
plasm with a round nucleus. There may be small fat 
drops present. The nuclei o f  the stroma cells are 
large and almost fill the cell body. There is 
little evidence of cell growth or cell division. In 
the hardened specimens the surface is seen to be 
wavy, the epithelium is intact, and that of the sur­
face and of the glands is covered with a finely 
granular material. There are present blood extra­
vasations at the surface, especially round the glands.
ftA fact which Morieke lays especial stress on is the 
absence or only seldom occurrence of extravasated 
blood in the middle and deeper portions of the etroma- 
it is almost entirely found at the surface. The 
glands ere very numerous, they are distinctly widened 
and run obliquely to the surface, often markedly 
twisted. There is no evident increase in the inter- 
glandular cells. They are often closely packed to­
gether, whilst the ground substance is markedly in­
creased in amount. The vessels are greatly distended 
especially tGwards the surface. After recording the 
observations/
observations on his material be says that "by these 
researches the opinion advanced, previously by C. Huge 
that there is the occurrence of even only a partial 
shedding of the mucosa during r enstruation has not 
been indisputably proved. The changes, which the 
mucosa exhibits, belong not to the class of the 
retrogressive metamosphosis but to a true congestion. 
The vessels expand, become filled with blood, and 
small extravasations are produced. The stroma be­
come softer and sponge-lihe and assumes the condition 
which alone will prepare it for the reception of the 
fertilised ovum". For the explanation of the bleed-
Iting Pfluger's congestion theory is probably suffi­
cient. The peculiar arrangement of the blood-vessels 
leads, as Leopold has shown, in the presence of the 
reflex arterial hyperaemia, to a bleeding in the
itmucosa. Mcriche never noted any rupture of the ves­
sel walls, and considered it probable, from the small 
size and arrangement of the extravasations, that the 
haemorrhage occurred by a process of diapedesis. He 
points out that all the previous authors had derived 
their material from patients who bad been a shorter 
or longer period dead, and he declares that they have 
confused the post-mortem changes with the physiolo­
gical. He found almost complete absence of the 
superficial/
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superficial layers of the mucosa in tv/o uteri removed 
from patientsvho had died curine menstruation.
09
The investigations of ce 1-:' \y
Wled to results very similar to those of Moricke. He
in addition, states that he found no cellular con­
tents in the menstrual discharge.
30
Wyder, in two papers, challenges the re­
sults of the two preceding authors. In describing 
two specimens removed four and eight days after men­
struation respectively he notes more or less marked 
separation of the surface of the mucosa. He attri­
butes it, not to a fatty degeneration, but to the 
bleeding. In the deeper layers of the mucosa there 
is present distinct cellular hyperplasia. The re­
generation occurs from the remnants of the superfi­
cial epithelium and from the glands. Unlike de 
Sin^ty he noticed detached epithelial and stroma cells
in the menstrual discharge.
( 31)v. Kahlden, using specimens obtained from 
patients who had died from acute peritonitis and 
acute febrile illnesses, says that during menstrua­
tion not only the superficial epithelium but also 
part of the blood-infiltrated superficial layer of 
the mucosa are detached. He states that whether 
the/
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the b-loccing is cue tc dl aperies I f. or rupture Is un­
certain. The regeneration tehee place exclusively 
from the glanc cells.
LohleilV'; basing his conclusions on scrap­
ings obtained from two healthy menstruating women, 
states that the bleeding is due to a process of riia-
pedesis and that there is a separation of the super-
33ficial epithelial ;nd stroma layers. Christ en­
deavours to reconcile the divergent opinions by 
asserting that different healthy uteri show varying 
changes - in one there may be a wholesale destruction 
of tissue during the menstrual process, whilst in  
another there may be none. Jacobs, believes that 
the bleeding is due in part to rupture of some of 
the blood-vessels and in part to an escape through 
the intact walls of thr c a p i l l a r i e s . .  There is no 
detachment of mucosa.
35Van Tussanbroeh and hences de Jiê n a sf rrt 
that in hyperplasia mucosa uteri bleeding into the 
tissues is found in no way differing from that found 
in menstruation. They mafce the interesting state­
ment, moreover, that the loss of tissue is much more 
scanty in the case of the typical haemorrhages than 
in the case in menstruation. Here it is, however, 
not a sine cua nor, for the blood escape for they 
noted/
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noted the blood corpuscles escaping between the in­
tact cells of the surface epithelium. The next
■
paper to demand notice is that of Pie ape on the men­
struation of the Semnopitheous Entellus. The facts 
discovered by Heape in regard to this subjec-! are of 
so much importance in regard to their possible bear­
ing on the process in the human female as to necessi­
tate a somewhat liberal reference to his work. He 
divides the process into eight stages. The first 
is the resting stage. Stage 2 is the growth of the 
stroma. Here there is an increase of the stroma by 
a mitotic divisioi , which results in a swelling and 
increase ir density of the upper third of the mucosa. 
Owing to pressure the nuclei become fusiform. There 
are no decidual cells. The vessels are distended. 
Stage 3 is associated. with growth of the vessels.
The mucosa is further swollen, the epithelium is 
stretched and is becoming thinner. There is hyper­
plasia of the vessels immediately under the stroma.
In stage 4 there is breaking down of the vessels. 
There is first present hypertrophy of the uterine 
epithelium and the vessel-walls all over the mucosa; 
degeneration then sets in in the superficial regions 
with a breaking down of the capillaries and an extra­
vasation into the tissues. The degeneration If- not 
fatty,/
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fatty, but is probably amyloid or hyaline. There 
is no evidence of leucocytic emigration in the true 
sense nor of diapedesis of the red corpuscles. In 
stage 5 there is the formation of lacunae. Extrava- 
sated blood collects in lacunae, which are first 
formed, more deeply in the stroma but soon spread to th. 
surface, displacing the stroma elements till they 
reach the surface epithelium. There is no trace of 
blood escape in the deeper layers of the mucosa. In 
stage 6 there is rupture of the lacunae. They in­
crease in size, the epithelium degenerates, shrivels 
up and is shed permitting of the blood escape. In 
stage 7 there is the formation c-f the menstrual clot, 
which is formed of the uterine surface epithelium,
a portion of the glands, and the upper third of the 
stroma with the blood vessels and blood corpuscles.
The process, he declares, is therefore, a severe, de­
vastating periodic action, which is very remarkable.
In stage 8 there is the recuperation of the lost 
tissue, the epithelium partly from the glands, and 
partly by means of a transformation of the stroma 
cells into a flattened epithelium. The now capilla­
ries formed from the ’'stroma cells which surround 
the in ercellular spaces in which the extravasat'd 
blood lies, and in the return of this reclaimer 
blood/
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and- in-the -w-tum of. _t,n L s rectaimei iilaed- to 
the circulatory system". The epithelium at first
flattened assumes the usual cubical form.
37Tenderer mahes the interesting statement 
that in some places previous to the shedding of the 
epithelium there is the formation of a fine epithe­
lial layer under cover of the cells to be detached.
38Pompe van Meerdervoort, using six uteri removed during 
menstruation describes a distension of the vessels 
and a serous infiltration of the tissues especially 
towards the surface. The surface and gland epithe­
lium are swollen and dropsical. Just under the super­
ficial epithelium there are extravasations, resulting 
from rapture of the vessels. At those places the
epithelium is detached.
39Westphalen in 139Q published the results 
of the examination of scrapings from 50 women, in 
whom the exact date of the last menstruation had been 
noted. This material included also 13 uteri removed 
in the inte?.-val between two periods. lie studied the 
nuclear changes especially and came to the following 
conclusions:- During menstruation and for the first 
six days counting from the day of the onset of the 
bleeding there is little evidence of mitosis in the 
cells of the stroma or epithelium. Prom the sixth 
to the eighteenth day numerous mitotic fl 'ares are 
evident/
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evident in all the cellular structures - the stroma, 
the vessels, and the surface and ¿land epithelium.
He never noticed an amitotic cell division as de­
scribed by Heape in the Semnopithecus E tellus. Prom 
the eighteenth day till the end of the next menstrua­
tion the evidence of regeneration in the shape of 
mitotic figures disappears. About tan days before 
the menstrual flow there appears the premenstrual 
swelling, consisting of a serous and bloody infiltra­
tion of the stroma. The vessels are markedly dis­
tended before there is any evidence of bleeding. The 
glands also become widened, due to the accumulation 
of the secretion, containing leucocytes in greater 
or less quantity. The nuclei of the gland cells be­
come more rounded. With the collapse of the mucosa 
towards the end of menstruation the epithelium and 
stroma, lifted up by the blow extravasations , sinh 
down again; in general a short time after the period 
the mucosa is seen to be covered with an almost com­
plete layer of epithelium and certainly before there 
is any evidence of regeneration in the shape of mi­
totic figures. There is doubtless a certain amount 
of epithelial shedding. There is present a certain 
amount of fatty degenerating of the cells in all the 
phases, a fact which tends to negative the conception
that.//
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that on its occurrence the bleeding depends.
Gebhard in 1397 published the result of 
his researches on the condition of the mucosa during 
menstruation, deriving his material both from scrap­
ings and uteri removed entire. He distinguishes 
three phases (I) The Prorienstru-'l longest ion; through 
dilatation of the capillary vessels there is induced 
an oedematous exudation into the stroma, the meshes 
of which become enlarged, and the tissues are then 
infiltrated with blood. The blood is apt to collect 
in small blisters under the superficial epithelium, 
which is lifted off the underlying stroma - in this 
way the so-called subepithelial haematomata ■ ’-o 
formed. (2) The Blood Escape. The red corpuscles 
escape for the most part through the intact epithe­
lial layer. Where the epithelium has been lifted 
up it again sinhs down against the stroma with the es­
cape of the blood. There nay be a small amount of 
epithelial shedding but this is accidental. (3) The 
Postmonstrual Phase. The blood remaining in the 
tissues is absorbed for the most part: some, however, 
may persist for a longer time, becoming transformed 
into a brownish pigment. The cervical epithelium 
shares in the menstrual process only by furnishing an 
Increased quantity of secretion.
Within/
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’.Vithin the last decade only a comparatively 
few investigations into the histology of menstruation 
have been published. These> almost without ex­
ception, simply serve to substantiate the teaching
9 * 32 40of Moricfce, de Sinety, Lohlein, Qebhard and others,
that in the process there is little or no tissue de-
4]struction. Findley in describing several menstrua­
ting uteri removed by operation noted a limitation 
of the haemorrhage to the superficial layers and an
almost complete absence of epithelial shedding.
14 „'.'/hitridge Williams, whilst agreeing with MoricKe that
there is little or no destruction, believes that the
haemorrhagic infiltration is more extensive.
42Hitschmann and Adler nave comparatively
recently published Investigations which, though not 
directly touching on the subject under diecussioft,have 
an interesting collateral bearing on the changes oc­
curring in menstruation. They maintain that many of 
the cases of so-called endometritis glandularis are 
in reality not pathological states but merely cor­
respond to the physiological glandular changes as­
sociated with the premenstrual state.
The correctness of this teaching' is being
43tested. Some authors (Ellerbroefc and others) chal-
44lenge its validity, whilst others (Morris and Keene, 
etc) incline in its favour.
CAUSE 0? THE MUCOSA CHANGES IN 
MENSTRUATION.
A3 the Investigations which I shall sub­
sequently record would seem to come into close touch 
with the true nature of the agent or agents respon­
sible for the uterine changes in menstruation, it 
will be necessary to refer in brief to this aspect of 
the literature.
From the middle of last century, with the 
18 80worh of 3ischoff, Pouchet and others, dates the con­
ception that ovulation is of periodical occurrence 
and that between it and the changes which the uterine 
mucous membrane periodically undergoes in association 
with the menstrual process, there exists in some way
H 10an interdependence. In 1865 Pfluger as already men­
tioned, first definitely formulated a possible ex­
planation of this relationship. The theory as­
sociated with his name supposed that the gradual en­
largement of the G?aafian follicle led to an in­
creasing stimulation of the nerve fibrils imbedded in 
the ovary. When this stimulus attained a certain 
strength it led to the production of a powerful reflex 
dilatation/
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dilatation of the vessels of the internal genitalia 
associated with the escape of the blood from the 
uterine mucosa. Although this theory of Pflüger 
has lost the support it used to command, the con­
nection between the ovarian changes associated with 
ovulation and the mucosa changes in menstruation is
still generally recognised by scientific worher3.
7The demonstration by Leopold, followed later by many 
other writers, that during menstruation there may be 
no evidence of ovulation in the ovaries proved con­
clusively that the two processes are not necessarily 
simultaneous and therefore, that ovulation cannot be 
considered as the immediate causal agent of the men­
strual process. The well-Known fact, moreover, that 
ovulation may occur in the absence of menstruation 
as proved by the occurs mo of conception before the 
menarché and after the menopause, and during the 
amenorrhoea of lactation indicates if it does no more 
a still further independence of the two processes.
In 1371 Slgismund advanced the idea that 
menstruation should rather be loohed upon as an in­
dication or rather as the result of the failure of 
conception. The changes which the uterine mucosa 
periodically exhibits were by him attributed to a pre­
paration of a nest for the ovum and with a failure of 
conception/
conception the mucosa was separated, somewhat simi­
larly to what occurs during abortion, with the pro­
duction of the menstrual flow. As he stated "die 
menstruation ist mithin ein abortus". According to 
this theory ovulation precedes menstruation by some 
time and, in the case of pregnancy, the fertilised 
ovum corresponds to the ovulation period associated
v/ith the first monthly flow missed. Sigismund's
h ' r’ 4 Gtheory received the support of Lowenhardt, Aveling,
u 47Lowenthal and others. The more recent researches 
into the microscopic changes of the mucosa during 
menstruation, by demonstrating the absence of a shed­
ding such as found during abortion, must be considered 
to cripple seriously, if not actually to invalidate 
this theory.
Although the existence of a relation­
ship between the ovaries and. the menstrual function 
had for long been foreshadowed by scientific workers 
it was not until comparatively recent times that this 
dependence was clearly and Indisputably established. 
’7ith the introduction of, and the extension of,the 
operative procedureson the genital tract, it has now 
been amply demonstrated that the removal of the 
ovaries is associated with an abolition of the men­
strual function. In many cases after an apparently 
complete removal of the ovaries menstruation may con­
tinue/
continue and this, at first sight, might tend to con- 
trovert the above statement. The ’.veil demonstrated 
fact, however, that even the smallest portion of 
ovary left behind may suffice to retain the menstrual 
function would amply explain these apparently ano­
malous cases. The fact that, after the production 
of an artificial menopause by the removal of the 
ovaries, the uterus usually shrinhs and atrophies 
(a statement amply borne out by recent experiments on 
animals)indicates that the ovaries exert in some way 
over the uterus a general trophic influence and are 
essential for Its general nutrition. In the absence 
of this constant influence the atrophy which it under­
goes leads to a falling into abeyance of its func­
tions.
The exact nature of this influence still 
awaits solution, but by most workers now-a-days it 
is attributed to some secretion passed into 
the blood stream, by which not only the uterus out 
the general functions of the being are maintained at 
their proper level. This conception thus en'ows too 
ovary with a function apart from that of ovulation, 
and brings it into line with the ductless glands of 




the suprarenals, the thyroid, the pituitary, etc.)
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Traenhel of recent times, developing and elaborating 
an idea which he attributes to Born, has suggested 
that this internal secretion, which is directly con­
cerned with the changes in menstruation and pregnancy, 
is provided by the cells of the corpus luteum. In 
experiments conducted in animals he showed that if 
the corpus luteura be destroyed by the galvano-cautery 
immediately after the ovum is fertilised it does not 
enter the uterus. If destroyed soon after it has 
become engrafted it is shed. Destruction of the 
corpora lutea leads to a uterine atrophy. He things 
that the corpus luteum is necessary for the produc­
tion of the hyperaemia of pregnancy. If the ovum 
does not develop the vascular changes result in the 
menstrual flow. The influence of the corpus luteum 
on the. menstrual function is thus obvious. He test­
ed these experimental results on patients in whom the 
abdomen had. to be opened for some surgical comolaint. 
In 9 the developing corpus luteum was destroyed. In 
5 the menstrual flow was delayed beyond its expected 
time for periods varying from three to eight weeks.
In three there was slight bleeding axtor the opera 
tion, such as is often met with after an abdominal 
operation, but the menstrual flow was delayed for 
eight/
83.
eight weexs. in only ons ease was menstruation un­
affected. This interesting theo-y is being widely 
tested, with results which seem on the whole to in­
dicate the truth, at any rate, of some of its claims.
Two other theories advanced to explain 
the phenomena of rnenstru \tion must be mentioned to 
complete this summary. The first supposes that the 
flow is bound up with a periodical and rhythmic con­
dition of the metabolic processes of a woman. This
49theory which was advanced in 1378 by Mary Jacobi, 
associates the menstrual changes In some way with the 
apex of a wave of body changes, which reaches its 
maximum with the onset of menstruation, after which 
it sinfcs only to rise again before the next period. 
The second, explanation of the phenomena is found in 
the so-called menstrual nerve theory. This attri­
butes the changes to a special nerve in the ovary;
50This idea was advocated especially by Tait and. John- 
51stone. Neither of these theories received more than
a passing toll of support.
INVESTIGATIONS ON THE MUCOSA DURING MENSTRUATION
MATERIAL. This consists of 5 specimens of the pre­
menstrual mucosa. One is a specimen obtained post 
mortem in the case of a girl who was hilled by an 
accident. The menstrual flow had. just started but 
I have classed, it under the above heading because it 
would/
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would seem to correspond microscopically to the pre­
menstrual rather than to the menstrual. it is well- 
preserved except for a shedding of the epithelium of 
the surface and the glands in the upper regions. The 
other 2 specimens were obtained by curettage
I have 1 specimen corresponding 
t o  t h e  f i r s t  day, one to the third day and 5 to the 
fourth day, of the flow. These and 2 specimens 
from the immediately post menstrual period (two days 
after) were all obtained by curettage.
Prom the summary of the literature con­
cerned with the microscopic changes which the uterine 
mucous membrane undergoes during menstruation it will 
be evident that the opinions advanced are numerous 
and conflicting. With regard to the degree of dis­
integration present there are all grades of opinion
27from that of Williams, who maintained that at each
period there occurs a complete shedding of the mucosa,
to the other writers Moriche, GebharcP, de Sin^ty,
34Jacobs, etc, who assert that there is usually no 
destruction of tissue. This controversy is to a 
large extent brought within smaller limits by the 
well—authenticated fact that during the agonal period 
and after death there may be extensive loosening and 
shedding of the mucous membrane, a condition which 
many/
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many investigators would seem to have mistaken for a 
menstrual phenomenon. For with few exceptions, the 
workers, who have limited their material to fresh 
specimens, in the form of scrapings of the mucosa 
removed by the curette, or in the shape of the whole 
uterus removed at operation, coincide in describing
the tissue loss as small or absent. In this class
v „ 9 P  40are Leopold, Morieke, de Sinity, Gebhard, etc. From
the observations of such investigators it would seem
likely that during menstruation there is little or no
loss of tissue.
My own specimens lend favour to this 
view. Here and there areas are present where two, 
three or more epithelial cells in a line are detached; 
for the most part, however, the epithelium on the sur­
face and glands is well retained.
Figure 13 represents a common ap­
pearance presented by my specimens. The upper layers 
of the stroma are loosened and are Infiltrated with 
blood and a serous exudate. At one region a portion 
of the epithelial layer Is detached permitting an es­
cape of red. corpuscles and stroma cells into the 
cavity of the uterus. It will be noted that the 
loosening of the tissue is present all along the 
superficial part of the stroma - tnis would seem to bo
a/
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a constant condition in the menstruating mucosa.
Here and there-in the substance of the stroma there 
are areas of extravasation; for the most part, how­
ever, this is confined to the more superficial parts 
of the mucosa. In some of the specimens the bleed­
ing is completely absent except towards the very sur­
face. In two of my specimens (representing the first 
day and the fourth day of the flow respectively) the 
degree of the haemorrhage into the mucosa corresponds 
to what has been described by man;' authors. Although 
the deeper part of the stroma is unaffected most of 
the superficial regions are the seat of a copious
blood infiltration. In these respects my specimens
0differ from those of Moricfce and others who maintain 
that the haemorrhage is invariably located in the 
surface parts. With regard to this point there is 
considerable discrepancy in the literature, some 
authors maintaining that the bleeding present is more 
extensive, others declaring that it is confined en­
tirely to the upperlayers, whilst others are somewhat 
indefinite, and in cases a little careless, with
regard to the conditions present. In this connec-
• 14tion it is interesting to note that /hitridge fill! ims 
in his text-bo oh of Obstetrics, whilst throwing xti 
his lot with Moriche's description of the changes 
present,/
present, i Llustrates what he considers the typical 
condition with a figure in which the naemorrhagic in­
filtration is present to a considerable depth of the 
mucosa.
As in the extent of the blood infiltra­
tion of the tissues, the amount of the loosening pre­
sent by the serous exudate would seem to vary within 
wide limits. Here again, however, the lower third 
of the mucosa would seem to be immune. In some of 
my specimens the opening of the tissue spaces involves 
only a very limited area at the surface of the raucous 
membrane, in other cases, and this is apparently the 
commoner condition, about the upper third of the 
stroma exhibits the changes, whilst in still other 
specimens an area comprehending the upper two thirds 
is seen to be teased out by the fluid exudate. Ac­
cording to Leopold, G-ebhard and others this latter 
condition would coincide with the premenstrual phase 
of congestion and swelling, and, as a matter of fact, 
one of my specimens exhibiting this con it ion was 
derived from apatient in whom the menstrual flow had 
just set in. According to Leopold the escape of the 
blood is associated with the discharge of the fluid 
contained in the intercellular spaces. Inis results 
in a return of the previously opened out part of the
stroma/
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stroma to the more condensed condition associated 
with the resting stage. It seems lihely that through­
out tne time of the menstrual flow the most superfi­
cial part of the stroma retains its opened-out,sponge- 
lihe nature. Such an interpretation of the changes 
would offer an explanation of the very varying de­
grees and extent of the serous exudate present, the 
mucosa exhibiting this condition in the most, raarhed 
manner corresponding to a persist once of the premen­
strual phase, which by gradations merges into the 
condition where only the very surface of the stroma 
is affected. The opening out of the upper layers 
of the stroma with a separation of the glands often 
widely from one another, while the deeper part re­
mains dense, with the glands closely set together, 
often results in the differentiation of the mucous 
membrane into two parts resembling the upper compact, 
and the lower spongy layers of the decidual membrane 
in pregnancy,, (figure 14)
The serous exudation and blood extravasa­
tion into the superficial part of the stroma leads 
to a marfced increase in thiciness and in the surface 
area of the mucosaj this latter cnange i3 manifested 
by a folding of the mucosa. This surface un ulat'on 
is prob -bly most marhed in the premenstrual phase 
(Leopold). How far the increase in tissue is due to
a/
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a multiplication of tho stroma cells is doubtful - 
in none of my specimens is there definite evidence 
of t m s  process at work an - this observation, on t 
’■/■hole, would seem to conform with the more recent 
researches on the subject.
The finer microscopic details of the 
changes exhibited by the menstruating mucous lenbr- 
are best considered under ti!ro headings
(1) The alterations in the surface epithelium
and the glands.
(2) The alterations in the blood-vessels ani
stroma. It is with these that we are rm 
especially concerned.
ALTERATIONS IN THE SURFACE EPITHZLINN 
AND TILE GLANDS.
As alreey mentioned it seems ob--le t: 
during menstruation there is, under normal Hreun- 
stances, little or no loss of epithelium. b r m  i 
occurs it is, as Gob hard states, a ; :1 mo:
In the resting stage the epithelial re­
covering the surface and linir.tie p l -'-s ar:- 
closely cached together, the r/t-wles-. is finely 
granular/
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granular and taies on a faint red stain with eosin, 
and the nuclei are usually distinctly oval and are 
situated towards the hase of the cell. The free 
margin of the cells is provided with cilia.
During menstruation the epithelial cells 
become broader and it is often possible to detect 
tracts lihe vacuoles between the cell•
One can frequently see red corpuscles 1 vn.j :• on 
the cells at their bases though I have never actually 
been able to persuade myself of the existence of any 
conclusive evidence of the wholesale exodus of the 
red corpuscles between the cells. It would seem, 
however, that such must be the chief node of the
blood es rape. It is frequent 1 >sslbl to
long, rod-ilie nuclei between the cells, .'orrespor.ding 
apparently to leucocytes or stroma cells in the act 
of insinuating themselves to the surface.
There are usually evident ?r.--.n In the 
nuclei in the ep thelial cells during menstruation. 
They often swell up, they assume a more round-:-: con­
tour, and they often leave the cell b ise arm ri ;e up 
towards the middle of the cell "igure r •
There is considerable divergence of opinion 
as to the manner in which the cilia are affected in 
the menstrual changes; some authors state to -t t.tey 
are/
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are seen to be well retained if care be taken in the 
preparation of the material, others stats that they 
are represented by a homogeneous looking substance 
at the cell surfaces, whilst other "-Titers state 
that they are lost altogether. My soecinens lend 
support to the last idea .in most the ciliated margin 
has completely disappeared.
As already mentioned all along the sur­
face of the mucosa immediately subjacent to the epi­
thelium the stroma is loosened, the cells are de­
tached from one another, and there is a general blood 
infiltration (Figure iz ). This in some places 
leads to the complete separation of the epithelial 
cells from the stroma - in some regions the epithelium 
is elevated into sort of small blisters, in other 
parts the epithelium bridges across a space in the 
stroma without being lifted up.( il". 16). These ap;- c- 
constitute the so-called sub-epithelial hue latomata 
of Geohard.
REGENERATION OF THE EPITHELIUM.
It would seem that the concensus of opinion 
is in favour of the regeneration occurring, where 
there has been an accidental denudation, from the 
adjoining epithelium of the surface an" glands. 3/ 
some/
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CHANGES IN THE BLOOD-VESSELS AND THE STROMA 
DURING MENSTRUATION.
To appreciate the vascular and ether 
changes which the mucosa exhibits during menstruation 
it is necessary to recall in brief the result of the 
investigations into the structure of the stroma and 
blccd-vessels, which I have recorded in a previous 
part of this research.
It was pointed cut that the stroma imist be 
considered to be composed of a soft, multinucleated 
protoplasmic mass pervaded by a complex system of 
fluid spaces, which break it up into poorly differ­
entiated cellular elements. The spaces lie up 
against the perinuclear portions of the protoplasm 
and separate the cells from one another except for 
bridging processes of the general protoplasmic mass 
(Plate I. and figures 1&4. ). This description ap­
plies to every part of the mucosa. I have adduced 
evidence which tends to indicate that the fluid spaces 
in the ordinary resting state do not communicate free­
ly with one another as is usually stated. it seems 
more likely that the bridges of protoplasm correspond 
to continuous films separating the adjacent fluid 
collections, which .ire thus contained in completely 
walled/
walled-in cavities or vacuoles. This conception 
will be further endorsed, and its importance will be 
revealed, in subsequent paragraphs. I have pointed 
out that the different cell forms detected in the 
stroma are not to be considered as indicating units 
differing in structure and function. The fact that 
these variations are easily dispelled during certain 
normal functional changes indicates that they are 
merely temporary in nature and are, in all probab­
ility, dependent on environmental conditions, espec­
ially extracellular pressure. This was seen to ap­
ply also to the basement membrane of the glands.
I have pointed out that the blood-vessels 
merely consist of tracks through this uniform stroma. 
It is probable that the vessels throughout the ex­
tent of the mucosa derive their supporting coats ex­
clusively from the surrounding stroma elements, which 
are unaltered in the performance of their function ex­
cept that where the blood-pressure within the vessels 
is greater they become mere condensed round the lumen 
and in sc doing often became drawn cut tangentlally 
to the vessel and arrange themselves in concentric 
layers (Flgurep 8 & 9). In the case of the arterioles 
the thicker the vessels (i.e. the nearer they are to 
the heart) the larger the number, and the greater the 
condensation/
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condensation, of the surrounding stroma cells, whilst 
in the case of the capillary twigs the wall is repre­
sented merely by a single layer of flattened out 
stroma cells. The walls of the veins are construct­
ed in a similar manner but are thinner than their 
corresponding arteries. These facts apply with equal 
force to the media and intima. This interpretation 
of the structure of the mucosa vessels is borne out 
to a considerable degree by the fact that into the 
composition of their walls there do not enter the 
differentiated structures found in vessels of a simi­
lar size in other regions of the body. In none of 
them, even the thickest, except in the very deepest 
portions of the stroma, is there ever present any 
muscular, fibrous, or elastic tissue. I have referr­
ed to the striking fact that, whereas the vessels in 
the muscular coat contain the ordinary muscular and 
elastic ingredient;., these are lost almost immediate­
ly the stroma is reached. For some reason or other 
the vessels throw off their supporting coats in the 
mucosa, and I advanced the belief that such a struc­
tural arrangement must have its bearing on the chang­
es in the vessels which occur in menstruation and 
pregnancy.
in/
In the premenstrual phase there is a marked 
swelling of the mucosa due, in the main, to distens­
ion of the blood-vessels, increased lymph escape, and 
blood extravasation. The latter is usually not 
marked except in the immediate proximity of the 
vessels. There is at the same time a marked soften­
ing of the mucous membrane: so manifest is this that
the consistence becomes almost that of a .jelly. This 
fact has been specially noted by several observers - 
Kundrat and Engelmann say that "the softening occurs 
to such a degree as to make the mucosa almost fluid 
in consistence". Leopold refers to the same con­
dition, Moricke states that the mucosa becomes "soft 
and pulp-like", and other observers bear testimony to 
the same effect. The slightest pressure i3 suffic­
ient to injure the mucosa and it can be scraped with 
the greatest ease from the underlying muscle coat.
It seems to me that this may explain to a large ex­
tent the wide discrepancy evident in the literature 
regarding the amount of damage present in the menstru­
al mucosa. In fact, in scrapings removed from the 
uterus during this period it is not uncommon to find 
the blood and stroma mixed up intimately with one 
another in an artificial way, indicating that the
consistence of the two materia]s ms beer somewhat of ohe 
same/
same order. It can readily be understood now even 
gentle handling of a uterus in the operating theatre 
or the post-mortem room might be sufficient to damage 
the mucosa and thus lead to erroneous conclusions. 
These facts, combined with the well-known readiness 
with which disintegration ensues after death, afford 
ample explanation of the conflicting results obtained 
by different observers. As I shall immediately point 
out the softened, displaceable condition of the stroma 
is likewise of the greatest importance in determining 
the histological changes which occur during menstru­
ation.
The oedematus opening out of the stroma 
during menstruation involves chiefly the upper strata 
and is absent, or only present to a small degree, in 
the part immediately adjacent to the muscle. The 
intercellular spaces become distended by the increased 
fluid escape, the protoplasmic bridges connecting the 
cells become drawn out and attenuated. In many cases 
they become completely detached and spaces of small or 
large size are produced in the stroma by a displace­
ment of the cells.. With the oedematous opening out 
of the tissue there occurs a marked alteration in the 
shape of the cells. They become rounded or stellate. 
In the oedematous stroma this is the only cell fcrm 
present/
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present (Plata I ), with the exception of the leuco­
cytes lying free in the spaces. we thus see that 
the changes associated with the menstrual function 
have led to the stroma cells becoming approximated to 
one type. The cellular distinctions become levelled 
- the oval and rod-like cells have disappeared and 
they have identified themselves with the general mass 
of poorly differentiated protoplasm. It was obser­
vations of this nature which led me to suggest the 
interpretation of the stroma, which I have previously 
formulated.
MODE OF THE BLOOD ESCAPE.
In the literature there is a considerable 
divergence of opinion regarding the exact manner in 
which the bJ ood escapes from the vessels into the 
surrounding '¿issues during menstruation. Some obser­
vers consider that it occurs by a process of rupture 
with a subsequent discharge of the contained blood 
into the surrounding tissues, whilst others maintain 
that it occurs exclusively by a process of diapede3is 
or escape of the red corpuscles between the intiinal 
cells, without an actual interference with the 
structural continuity of the vessel wall. Still 
other writers believe that both processes are at work.
My investigations, whilst convincing me that
in/
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in the initial stages of the escape a process identi­
cal to that of diapedesis in other regions is found, 
have demonstrated that in the later stages of the 
blood exodus into the surrounding tissues a change of 
quite a different nature is present. It is dependent 
on the peculiar structure of the vessel walls, and 
whilst it is associated with a wholesale opening up 
of their component parts, it is fundamentally differ­
ent from rupture as detected in other places in the 
body. In describing the results of my investigations 
it will conduce to clearness to consider first the 
fine-walled vessels, and then those with thicker walls.
BLOOD ESCAPE PROM PINE-WALLED VESSELS.
In many places in the premenstrual and the 
menstrual mucosa the red cells are seen to be leaking 
into the adjoining tissues between the lining cells of 
an apparently complete vessel wall. (Plate I and 
Figures 21-). In other cases the corpuscles have 
obviously detached the adjacent cells from one another 
(Plate i ). It seems certain, however, that in both 
cases the same process is in operation, namely that 
the cells are passing out through gaps in the vessel 
boundary. In this respect, then, the escape coin­
cides with the process of diapedesis. Before the 
occurrence/
occurrence cf the corpuscular escape the surrounding 
tissues become opened cut by the fluid exudate, in 
the manner described.(Plate I ). After passing 
through the wall cf an apparently complete vessel the 
red cells may stray for a considerable distance into 
the surrounding stroma. In sc doing they may burrow 
along between the cells (Figures I8,19,20)or they may 
lead to a vrhclesale displacement cf the surrounding 
stroma (Figure 23 ).
In addition to this simple change there is 
always found another, which, at first sight,isof a more 
complicated nature and one which, sc far as I knew, 
has never been properly described. This consists in 
the gradual expansion cf the small bleed lumen into 
a space of larger diameters, and which, especially 
towards the surface cf the premenstrual and menstrual 
mucosa, results in the formation cf the comparatively 
enormous blood lacunae or "distended capillaries" so 
typically found in this condition. The initial 
stage consists in a separation cf the lining cells 
from one another. This, as we have noted, is pre­
ceded by a similar teasing apart cf the surrounding 
stroma by the cedematcus exudate. The spreading 
apart of the lining cells, at first only sufficient 
to permit the passage cf the red cells, is followed 
by a complete detachment, the one from the other.
The/ ^
The opening out of the adjacent stroma now enables 
these intimal cells to step back, and we then obtain 
a bleed space apparently destitute cf the ordinary 
flattened lining cells, for, in the process cf separ­
ation, these are usually found, as it were, to draw 
themselves together and to identify themselves in 
every respect with the neighbouring stroma elements.
In this we see a perfect analogy to the changes which 
I have described in the stroma cells when they are 
spread apart by a watery exudate. I have pointed 
cut that under these conditions the cell distinctions 
disappear. The flattened cells cf the basement mem­
brane, and the elongated cells scattered through the 
strcrna have lest their differential shape and are seen 
to resemble in every detail the typical round or 
stellate stroma element. So with the flattened 
intimal cell cf the blood-vessel. In some places 
this vascular change is seen tc involve one side cf 
the wall, the other side retaining its usual flattened 
cells.
The various steps in the process are well 
brought out in figures 24, 25 . The changes are
also brought cut in Plate I , in a manner almost 
diagrammatic in its clearness. In the small vessel 
In the lower part cf the plate the flattened appear­
ance cf the intimal cells is in parts well retained. 
That/
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That this difference between these cells and the ad­
joining stroma cells is only present in one direction 
is demonstrated by the fact that where the wall has 
been cut across tangentially at their level they are 
seen to be indistinguishable from the stroma elements. 
Between the lining cells and the stroma cells are seen 
the same protoplasmic communications as are present 
between the ordinary tissue cells. At several re­
gions the blood cells have strayed beyond the vessel 
confines and there the intimal cells have been carried 
outwards to range themselves alongside those of the 
stroma. In the other vessel, at the level of d, the 
same changes are present. The ordinary flattened 
cells have here been displaced outwards to a greater 
degree than is present in the other vessel. As is 
often noticed a few of them have apparently been left 
behind in the course of the expansion. This may be 
due partly to the fact that the intima is here cut 
across at a tangent. It does not however explain 
everything. I have repeatedly noticed that one or 
two cells may be completely left behind and remain as 
islands surrounded by the blood. They can usually 
be seen, however, to have retained a certain amount of 
protoplasmic connection with the adjoining cells.
This change often progresses to the extent of forming 
large/
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large "blood sinuses in the mucosa, situated as already 
stated, for the most part, towards the surface. In 
this way are formed the sub-epithelial haematomata of 
Gebhard. The expanded vessel represented in Plate 
I is formed in such a way, and it indicates,
what is often seen, that the expansion is still pro­
gressing. Here and there along its wall the blood is 
seen to be still escaping into the adjoining stroma, 
and the lining cells are still stepping bach to allow 
of the increase in the diameters. A blood sinus 
similarly formed is represented on Plate II 
Here as before the expansion is still seen to be pro­
gressing. This plate also indicates that, whilst 
round the greater part of the circumference the wall 
is formed by ordinary stroma cells, here and there 
flattened cells are present and identical in every 
respect with the intima of time resting vessel. Simi­
larly produced blood sinuses are shown in figures.
As already pointed out, when the original 
intima is opened out the flattened appearance usually 
becomes dispelled and the newly formed blood space 
seems to be lined by ordinary stroma cells. An 
appreciation of the steps of the change enables us to 
understand the rationale of this. We now Know that 
into the constitution of the new wall both the origi­
nal/
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original intirnal cells and the adjoining stroma cells 
have entered, though in many cases it is impossible to 
tell which was which. As I have already contended 
this discovery is amenable to one explanation only, 
namely that the intima and the stroma cell are struc­
turally and functionally identical. This idea is 
confirmed by finding that here and there round the 
wall of even a large sinus the cells are seen to be 
flattened like a true endothelium. This is seen on 
both walls of the large blood space figured in Plate 
II If my interpretation of the mode of pro­
duction of such a space be correct, these flattened 
cells correspond to stroma elements, which have assu­
med this shape.
These observations, also, enable us to un­
derstand the appearances which would seem to have 
perplexed other writers. In the literature one 
occasionally meets, in the course of an account of 
the mucosa vessels, with a description of vessels 
which are apparently formed throughout by the stroma 
elements. So far as I Know it has never before been
explained. In figure 28 are shown two vessels,
one conforming with this description, the other with
an ordinary flattened intima.
But, it may be urged, are these appearances
not due to the fact that in the beginning the flatt­
ened/
flattened intima has been shed, allowing the stroma 
elements to come into direct contact with the con­
tained blood? in answer to this I may state that I 
have never seen any evidence of this. On the other 
hand it is often possible to see the flattened cells 
being carried bacK into the stroma by the escaping 
blood. (Plate I at d & g). I have also pointed 
out that the stroma elements can assume a shape 
identical with that of the original intima, where 
they lie immediately against the blood (Plate II ). 
That these appearances are not due to the fact that 
there has been a persistence and proliferation of the 
original intima cells is proved beyond doubt by the 
absence of any evidence of cell division.
It seems to me that the expansion of the 
originally small vessel into a 5inus-liKe space is 
due entirely to a process of displacement. It is 
inletaf.ed by a teasing apart of the intlmal cells 
followed by a giving wav of the surrounding stroma.
In its final form the new wall is formed almost en­
tirely of the stroma elements.
The structural peculiarity of the stroma 
has now amply justified its existence. The fact 
that it is composed of a soft, homogeneous protoplas 
mic mass allows of the occurrence of the above funct- 
ional^
functional changes with the greatest possible effic­
iency. The vascular expansion is no more bv a pro­
cess of rupture than is the displacement produced in 
a mass of jelly by forcing into it a firmer body.
The probable explanation of the cause of 
these changes and their bearing on the mode of form­
ation of the blood cavities in the pregnant mucosa 
will be discussed in subsequent sections.
CHANGES IN THE THICKER-WALLED VESSELS.
Where the vessel wall is supported by a 
massing of the stroma cells in concentric layers 
round the intima the blood escape is naturally resis­
ted to a greater extent than in the case of the cap­
illary twigs. Here, however, exactly the same teas­
ing asunder of the surrounding cells by the fluid ex­
udate followed by an escape of the corpuscular ele­
ments is always seen in the menstrual mucosa. After 
the opening out of the adjacent stroma the circularly 
disposed media cells are allowed to become stripped 
off. In the case of the thicKer vessels this must, 
of course, first involve the outer structures, the 
remaining cells then becoming teased out in succes­
sive layers from without inwards. This change some­
times /
sometimes involves the wall uniformly round the 
entire circumference, in other cases one aspect gives 
way before the other. In many cases it is possible 
to see the detachment of the cells in complete layers, 
which, if the cells are united together by uninter­
rupted films, must correspond to complete protoplas­
mic sheets (Figure 17 ). The appearances associat­
ed with these vascular changes are well brought out 
in Figires 9,30,31.
With the completion of the detachment of 
the supporting elements the intimal cells become 
separated, permitting an escape of the corpuscular 
elements of the blood. The process now corresponds 
in every respect to that described above in connect­
ion with the capillary vessels. The blood strays 
out between the lining cells of an apparently com­
plete wall, or in the process these cells are carried 
outwards and, with the surrounding stroma, become 
increasingly displaced to form the wall of a new 
blood sinus or lacuna.
In figure 29 is represented an apnearance 
frequently detected in the menstrual mucosa.
Towards the left side the vessel wall is well support­
ed. On the right side there is seen to be a whole­
sale escape of the red cells into the surrounding 
stroma/
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stxoma. lhere has obviously been an expansion of 
this part of the vessel lumen, resulting in a carry­
ing out oj. the intimal cells along side the stroma 
elements, from which they are indistinguishable.
This figure ino.icat.es that in the blood escape there 
may be no definitely marked stages in the ooening 
out of the wall: the intima and stroma became
uniformly displaced outwards.
These changes which we have just described 
in connection with the thicker vessels again prove 
beyond doubt the easily displaceable nature of the 
structures and they, in addition, confirm in the 
strongest possible manner the description I have 
advanced of the true nature of the stroma. Blood 
vessels and surrounding tissue are simply part and 
parcel of the same soft nucleated protoplasnic mass. 
This structural peculiarity of the mucosa is obvious­
ly designed for the purpose of permitting with the 
greatest possible efficiency an immediate flushing: 
of any part of the stroma with a plentiful sturdy of 
blood. If we are to define the true nature of the 
mucosa in terms of the function--! changes which it 
exhibits it nust be designated, not merely a spread 
out lvimoh surface such as Leorold named it, hut a 
potential blood snonge. In view of these observ­
ations we can now appreciate fully the reason and 
the/
the necessity of the vascular structure - the 
presence of any fibrous or elactie tissue in the wall 
would obviously hamper the occurrence of the ready 
opening up which I have described.
The displaceable nature of the stroma 
tissue, in addition, is obviously devised for the 
-purpose of allowing the reaiv formation of the blood 
sinuses which develop in the menstrual mucosa.
Prirna facie it would seem not unlikely that the blood 
lacunae, which correspond in conformation to these 
described, though often reaching a much larger sine, 
that are found in connection with the chief function­
al activity of the mucosa (pregnancy) would owe their 
origin to changes similar to these just described. 
This I shall refer to in a subsequent section, and 
there I shall also adduce evidence in support of the 
idea that the ovum bed is for the most part, formed 
by a similar process of displacement and not by a 
process of destructive excavation.
CAUSE OP THE BLOOD ESCAPE DURINO 
MENSTRUATION.
Most investigators have inclined to the 
idea that the escape of the blood from the vessels is 
to be attributed to a congestive process, in a manner 
somewhat similar to that first enunciated by Pfluger. 
This conception runs through practically all the more 
recent contributions to the literature, though it 
would seem that there is a tendency to abandon the 
explanation originally advanced by Pfluger that the 
vascular engorgement is induced by a reflex nervous 
stimulus from the ovary, the tissues of which become 
pressed upon and irritated in the process of the 
growth of the Graafian Follicle associated with ovu­
lation. Though it still awaits confirmation there 
is a distinct leaning to the idea that the changes 
are dependent on some substance of a chemical nature, 
probably derived in some way or other from ovary 
(Fraenhel). The older writers (Williams, Kundrat 
and Engelmann, and others) saw the immediate cause In 
a degenerative change of a fatty nature in the mucosa 
resulting in a mechanical giving way of the vessel 
walls. Leopold, Moricke, Wyder, Heape and others, 
however, have indisputably proved that this fatty 
change,/
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change, except in abnormal circumstances, is either 
absent altogether or is present only in a minor degree. 
and they have denied that it can in any way be con­
sidered as the causal agent. This has been amply con­
firmed by recent research, and it would seem that, 
where present, the fatty change must be looked on as 
due to the illness from which the patient died, from 
post-mortem change, or to the effects of the super­
ficial destruction of tissue the result of the bleed­
ing.
From what has been said on previous pages 
it will be understood that the exodus of the red cells 
through the vessel precincts is intimately associated 
with the oedematous escape from the vessels. The 
corpuscular exit occurs only after the opening out of 
the cells of the media and the production of gaps
in the intima of sufficient size to 
accommodate the red cells, in other words, that the 
process occurs only after the preliminary infiltration 
and loosening of the stroma protoplasm by means of 
the seroiis exudate. As I have pointed out in several 
places, the converse of this statement is untrue, 
namely that an oedematous infiltration is necessarily 
associated with a blood escape into the affected 
tissue./
tissue. One not infrequently finds an extreme 
watery loosening of the stroma without an escape of 
the red cells, and even where the lining cells of the 
vessel are seemingly so opened apart as to accommo­
date between them one or more red cells. Under 
these circumstances the vessels are often seen to be 
engorged with the red corpuscles which may actually 
lie right up against the vessel boundary. This I 
have shown to occur even when the vessel wall is 
formed clearly by the ordinary stroma e l e m e n t s ,  and 
I have adduced from this that the cells are not as 
usually stated merely \mited by protoplasmic fibrils 
but that, under ordinary circumstances, they are con­
nected by complete, though thin, films of protoplasm, 
the giving-way of which is essential for the leakage 
of the red cells. The preceding watery escape has 
occurred through this fine sheet, in a manner to be 
presently described.
The fact that the escape of the fl\iid con­
stituent of the blood precedes and, in fact, prepares 
the way for, the subsequent corpuscular exodus indi­
cates that any investigation which casts light on the 
former process will go far to elucidate the problems 
associated with the latter.
117.
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FACTORS DETERMINING THE FLUID ESCAPE 
FROM THE VESSELS.
In conducting an enquiry into the etiolog­
ical factors responsible for an increased transference 
from vessel lumen to tissue spaces in the uterus we 
are brought up against many investigations of a 
similar nature which have been carried out by other 
observers for the purpose of elucidating the agents 
which determine an oedematous escape in other regions. 
These investigations have been for the most part ex­
perimental in nature and, in most cases, have been 
carried out on the assumption that the changes, which 
determine the increased fluid escape, that constitutes 
oedema, are similar in nature with the physiological 
changes that ordinarily dominate the process of lymph 
formation. In the case of oedema these factors have 
remained the same, but they have became altered in the 
direction of an increase. With these possible 
factors must be included any condition leading to an 
obstruction of the normal lymph flow. This, it is 
obvious, may lead to an accumulation in the tissues 
of lymph, which though normally produced, collects in 
excessive amount . The justification of thus arguing 
from/
from the one condition to the other is seen to be complete 
when we remember that in the former enquiry all the 
possible factors responsible for the fluid transfer­
ence must be included.
As I have considered it wine to enter in 
full into the discussion of the exact mode of pro­
duction of an oedematous escape in connection with the 
changes detected in the pregnant tube, I shall refer 
to it here only in so far as is necessary to explain 
the histological changes revealed in my specimens of 
the menstruating mucosa.
In the first place it is easy to dispose of 
the last of the factors enumerated above, namely a 
lymphatic obstruction, as the direct cause of the 
fluid accumulation in the tissues. The justice of 
this will become evident in the course of this record. 
Suffice it for the moment to state that in the changes 
I believe we have sufficient evidence to prove beyond 
doubt that there is some process leading to an in- 
creased escape from vessel to tissue.
What are the factors that may determine the 
flow of fluid from vessel to tissue? It would seem 
clear that these must be comprised within (l) changes 
in the blood or the blood-pressure, and (2 ) changes in 
the vessel wall or the tissues. In regard to the 
relative /
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relative importance of these different factors there 
is a considerable divergence of opinion amongst 
physiologists and pathologists. This difference of 
opinion is seen in the varying theories advanced.
(1). In the first place the so-called
Physical Theory explains the fluid transference as
d\xe to purely physical processes. This may be due
merely to a filtration through the wall from the
vessel, where the fluid pressure is higher, to the
tissue, where it is lower. This was originally ad-
52vanced by Ludwig as a complete explanation of the 
phenomena. All recent workers on the subject, whilst 
admitting that this squeezing of the fluid through the 
wall may explain the phenomena in part, are convinced 
that in addition we must assume the existence of the 
processes of diffusion and osmosis, called into play 
by tissue changes which result in the formation of 
crystalloidal substances. Here again the exact 
status of these processes is still indefinitely de­
fined. The great uncertainty associated up to the 
present with the study of the fluid transference under 
normal and pathological conditions is due, in the main, 
to the difficulties encountered in the experimental 
investigations and the correct reading backwards from 
the effects on the amount of the lymph flow of arti­
ficially varying circumstances to the factors which 
cause/
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cause these variations, and thence to the agents con­
cerned in the normal lymph escape and those acting in
disease. Besides these processes of filtration,
53diffusion, and osmosis, Starling, in order to explain 
the variations seen in different regions of the body, 
has suggested an additional factor in the shape of an 
altered permeability of the endothelial lining.
(2). The Second or "Vital Theory" of
54Heidenhain and his supporters supposes the fluid trans­
ference to depend on a secretory activity of the 
endothelial cells.
In describing the results of my investiga­
tions into the changes responsible for the increased 
fluid accumulation in the premenstrual and the men­
strual mucosa, I shall describe, in the first place, 
the process as demonstrated in the case of abnormal­
ly thicK vessels, and, in the second place, as it is 
manifested in the normal vessels and stroma. Thl3 
plan I intend to adopt merely for the sake of greater 
lucidity. As I shall subsequently indicate the act­
ual changes are often obscured beyond recognition in 
the case of the normal mucosa. This fact I believe 
to explain the frank admission by many observers of 
their inability to correctly decipher the factors in 
operation. In the case of abnormally thickened 
vessels,/
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vessels, whose walls, as it were, resist the fluid 
escape, the changes, on the other hand, are more eas­
ily traced. For this reason and in view of the fact 
that this research, I believe, breaks new ground,
I have thought it wise to commence with the obvious 
and thence to pass to the less clear.
MODE OF PRODUCTION OF OEDEMA AS SEEN WITH 
THICK-WALLED VESSELS.
The observations to be recorded were carried 
out in a menstruating uterus removed by vaginal 
hysterectomy, from a patient of 42, who had suffered 
from severe and protracted menstrual periods for many 
years. Every form of treatment, including curettage, 
had been tried without avail. The usual course in 
these cases was adopted and the uterus was removed.
This was done on the eighth day of a protracted period. 
After removal the specimen was almost immediately 
plunged into Pick's Solution (No l) for hardening.
In the stroma, and as I shall show in the 
next section, in the vessels, changes of a nature 
similar to those present in the ordinary menstrual 
mucosa were seen. The mucous membrane was markedly 
thickened and softened, these changes extending 
throughoutj
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throughout the entire extent of the uterine body.
The microscopic alterations in structure are similar 
in nature, thougn in an exaggerated degree, to those 
seen in the normal menstruating mucous membrane.
The superficial part of the stroma, especially, is 
markedly oedematous and is infiltrated with blood. 
With the exception of a shedding of the superficial 
epithelium in parts there is no evidence of tissue 
destruction. The glands are markedly dilated, in 
some places forming cyst-like dilatations in their 
course. (Figure 36 ).
THE VASCULAR CHANGES.
These are of especial importance from the 
point of view of our present enquiry. The blood es­
cape from the vessels is found to have occurred ex­
actly as described in the preceding section with 
regard to the processes at work in normal menstru­
ation . There is the same teasirg out of the stroma 
and the vessel walls by an oedematory escape followed 
by a wholesale exodus of the red cells. Here again 
the change is most evident towards the surface.
Throughout/
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Throughout the stroma, even towards the surface, a 
large number of vessels are seen with walls thicker
and more condensed than are ever found in the normal
mucosa (FiguresS6,37,&c).It is in these vessels 
especially that we find important information regard­
ing the mode in which the oedematous escape has 
occurred in this abnormal specimen.
The unusual thickness of the vessel coats 
is due to a marked condensation of the surrounding 
stroma. Immediately external to the intima the cells 
are closely packed together, forming a deep.lv stain­
ing mass rich in nuclei. The stroma external to 
this is often arranged in concentric layers round the 
vessel (Figures 38,46). We thus see that the great
difference between these vessels and those of the
healthy mucosa is found in the packing together of 
the cells to form the pathological media. As I 
shall point out this is not to be considered as, in 
any way, analogous to the media of similarly thick 
vessels in other organs. For under certain circum­
stances the cells can open up just as I have describ­
ed in the normal vessels and we then see that they 
apparently correspond in ever;/' detail to stroma cells.
In many of these vessels I have been able 
to note changes which throw important light on the 
exact/
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exact mode in which the oedematous escape, which i.v 
Ploughed up the surrounding tissues, is talcing place.
In Figures 37,40, & 44.are represented vessels who: 
walls are teased out by fluid tracks that extend in to  
the adjacent tissues where they usually expand in to  
large clear territories because of the more easily 
displaceable nature of the stroma. In Figure 44 
this appearance is shown ; the remarkable change 
present is due to a wholesale gap in the outer, less 
supported portion of the vascular wall, which gives 
the impression that it had been forcibly excavated.
In Figures 37, & 40, the same condition is present 
and here the adjacent tissue is seen to be drawn out 
and to radiate from the vessel wall in the direction 
of the escaping fluid. These conditions are obvious­
ly due to the fact that the thick vessel walls have 
resisted the oedematous outpouring except in certain 
regions where they are less firmly knit together. At 
first sight the giving-way would seem to be readily 
explained by mechanical means i.e. increased intra- 
v&scular pressure resulting in a filtration of fluid 
through the vessel wall with a displacement of the sur­
rounding unsupported stroma and then of the outer lay­
ers of the vessel. Whatever be the cause it is clear 
that, to induce the marked displacement evident in many 
of/
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of the vessels (vide especially figures 67 & 44.'1, it 
must correspond to a comparatively great pressure.
A careful scrutiny of the histological 
appearances present demonstrates with certainty that 
the fluid cannot he escaping from the vessels in re­
sponse to merely mechanical influences. There is 
some influence of a more complex nature than a mere 
squeezing or filtration from the blood vessel into the 
tissues. In the first place, in many cases it is 
possible to detect that ̂ separating the vessel lumen 
from the oedematous track ploughing up the wall,there 
is nothing but a very fine, though complete, pellicle 
of cell protoplasm (Figures 37&46). It seems to me 
that a mechanical force sufficient to detach the cells 
of the markedly condensed wall in the wholesale manner 
in which the process is obviously occurring would re­
sult in an immediate rupture of the very attenuated 
protoplasmic bridge to which I have referred. It 
would seem absolutely certain from the appearances 
that the hydrostatic pressure on the immediately outer 
aspect of the pellicle must be, at any rate, not 
appreciably lower than that in the vessel lumen. If 
this actually were the case nothing could save it 
from immediate rupture. This appearance is often 
present and indicates that to explain the phenomena 
we /
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we have to invoke some influence other than a mere 
mechanical transudation of fluid.
Another fact of the greatest importance is 
found in the observation that the fluid in the im­
mediately ad.iacent portion of the vessel wall has 
accumulated under a hydrostatic pressure actually 
higher than that, present in the vessel lumen. This 
is clearly indicated by the appearances present in the 
majority of the vessels. In figure 45 which is a 
drawing under higher magnification of the lower part 
of the vessel represented in figure 37 , it is seen
that on the left side the collection of the fluid in 
the inner part of the vessel wall has actually result­
ed in a bulging of the affected portion into the 
cavity. The fluid spaces in and between the cells 
have swollen the corresponding region inwards. On 
the right side of the same vessel at its lower part 
the same condition is present. Above this it is 
again seen and here it has been associated with a more 
profuse fluid exodus into the adjoining tissue, which 
in the process has been extensively teased out.
Prom what I have said above it will be ob­
vious that at the regions corresponding to the proto­
plasmic film represented as figures 37 & 46,. any mark­
ed discrepancy between the pressures on each side 
would/
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would immediately cause a giving way. We have seen 
that in view of these facts a mechanical influence 
fails to account for the appearances. It w i n  be 
left for us to deal with this same difficulty in the 
subsequent paragraphs. It seems to me that these 
observations prove beyond doubt that the fluid which 
is leaking through the vessel wall is entering the 
tissues under the influence of sorne force other than 
a mere mechanical filtration from vessel lumen. If 
such is the case, what other factors can be called in 
to explain the phenomena? A reference to the
formula comprising all the possible agents which I 
have inserted at the beginning of this discussion dis­
closes the fact that we are left in our search to 
changes in the intirnal cells of an active secretory 
nature and changes in the tissues as a whole.
THE ROLE OP THE INTIMAL CELLS.
In practically all the thick-walled vessels 
exhibiting the oedematous opening out of their walls 
there are present remarkable and important alterations 
in the intimai cells, alterations which might, at 
first sight, suggest that the fluid transmission from 
vessel to tissue is occurring by a process of vital or 
secretory/
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secretory activity as opposed, to a process of a 
physical diffusion or osmosis, which as we have noted 
completes the list of the possible responsible agents. 
At the outset I would submit that it seems unlikely 
that a secretory activity, whatever this may mean in 
terms of physical and chemical cellular changes, on 
the part of the lining cells would of itself suffice 
to explain the drastic vascular and tissue displace­
ment present. I would advance as logical the opinion 
that an active change of such a nature cannot account 
for the wholesale opening up of the thick and dense 
vessel v/all and the adjacent tissues external to the 
intima, and in support of this I would call attention 
to an appearance already advanced as contra-indicative 
of a purel}*- mechanical or filtration explanation.
A glance at figure 46 shows that the fluid track on 
the right side of the vessel wall is broken by fine 
tissue bridges or films; it seems to me likely that 
an active passage of fluid across the intirnal layer 
so powerful as to tease out the wall to the degree 
present wo\ild inevitably break down che fine tissue 
partitions interposed in its path. On the other 
hand, the persistence of these very films, I shall in­
dicate in the ensuing paragraphs, is amply accounted 
for and, in fact,, is only explained by, the 
introduction/
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introduction of a factor other than a filtration or a 
local Intirnal activity. Their presence is more than 
a coincidence - it is intimately bound up with the 
tissue changes which dominate the whole process.
In Figures 40,41,43,45&48 are shown the 
changes in the intimal layer to which I have referred. 
The cells have been markedly swollen and projected 
into the vessel lumen by the collection in their sub­
stance of a clear fluid. In some Instances the 
appearance somewhat suggests that associated with an 
intracellular fatty degeneration. That it is not so 
is at once proved by preparing and staining the sect­
ions in the appropriate manner. The changes are 
without doubt due to an accumulation within the cells 
of fluid abstracted from the vessel lumen and which 
has collected in the cells under a hydrostatic tension 
in excess of that present in the blood channel. It 
must be dependent on some protoplasmic alteration lead­
ing to an active fluid imbibition. Although with 
regard to the exact nature of the chemical changes in­
volved in such a cellular alteration, which has been 
frequently noted in other regions of the body, scien­
tific workers are still in ignorance, on some aspects 
of the subject there is a unanimity. Whilst the se­
cret of the inner changes still awaits elucidation, we 
are/
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are enabled, thanks to experimental research, to 
account for the results in a manner which leaves
little room for uncertainty. According to Adami 
"this rapid imbibition and accumulation of a fluid in 
a cell can, upon Physical grounds, have only one ex­
planation. The constitution of cytoplasmic matter, 
as also of the nucleus, is colloidal, and colloidal 
membranes (for such we can regard the surface layers 
of cells) have characteristic properties. They 
hinder the diffusion of crystalloid molecules to a 
considerable extent". The hydropic accumulation is 
due to some protoplasmic change associated with the 
liberation of crystalloidal elements. These raise 
the osmotic tension of the cell and this results in a 
diffusion across the cell membrane from the vessel 
till the osmotic pressures on both sides of the mem­
brane are equal. In this way, and in this way only, 
can we explain the vacuolar changes in the intimal 
cells, which are, as the figures show, associated 
with a displacement of the nucleus and cell substance 
to the periphery by the accumulating fluid. In many 
instances the swollen cells project like blebs, often 
massed together, into the vessel, whose lumen may be 
distinctly encroached upon in the process. (Figures 




as elongated bodies or as isolated beads set into the 
inner vessel wall, (Figure 43 ). These appear­
ances thus demonstrate beyond doubt that all along- the 
inner aspect of the vessel walls there are present 
cellular changes which have determined an active imbi­
bition of fluid from the blood.
THE ROLE OF THE STROMA PROTOPLASM.
What bearing have these observations on the 
mode of production of the diffuse oedematous infil­
tration of the surrounding vessel walls and stroma?
If the opinions I have advanced in a preceding sec­
tion of this research be correct, that in the uterine 
stroma we have a collection of poorly differentiated 
cells, all of which, intimal as well as ordinary 
stroma cell, are structurally, and, apart from the 
accident of location, functionally identical, it 
would seem not unlikely that in the above changes we 
are getting near an explanation of the diffuse fluid 
escape. Whatever be the original cause of the chan­
ges in the intima, it would seem likely that this 
cause will act similarly on the cells of the vessel 
wall and the adjacent stroma, and that, in this way, 
there would be set into action diffuse tissue changes 
culminating: in a widespread absorption of fluid from
the blood-vessels. If we can discover changes in the 
stroma/
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stroma elements similar to those detected in the 
intima, not only do we advance far in connection with 
our quest, but we are able to indica+e that the inti- 
mal alterations are to be considered more as an incid­
ent in, than as a cause of, the increased fluid escape, 
in other words, that there is nothing to favour the 
recognition of a local secretory activity on the part 
of the lining cells.
The changes present in the vascular walls 
and in the stroma strongly suggest that in these reg­
ions the oedematous accumulation has occurred in con­
sequence of tissue chancres identical to those evident 
in the intimal layer. The situation of the cells in 
the latter situation has, of course, forced the pro­
cess at work into prominence and has thus enabled it 
to be deciphered with comparative ease. In Figure 
46 it will be noted that, on the right side of the 
vessel wall, the fluid accumulation is associated with 
tissue changes identical with that present in the 
immediately internal lining cell. As in the case of 
the intima the fluid has collected in distinct vacu­
oles in the cell protoplasm, which has been displaced 
to the periphery as a fine layer, separating the one 
fluid space from that in the immediate neighbourhood.
It is seen that the fluid track is for this reason not 
complete but is interrupted by a number of these fine 
films./
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films. This appearance, as I have pointed out, is 
amenable neither to a mechanical explanation of the 
fluid exit nor to a local activity of the intimal 
cells. In neither case is it likely that there could 
be produced the drastic changes which I have de­
scribed, and if it were possible to explain the gap- 
ings by either of these two processes it is inconceiv­
able that the powerful Kinetic force thus acting could 
be resisted by the fine protoplasmic bridges. If 
both of these explanations fail we are again left to 
tissue alterations which have determined an osmotic 
diffusion of the fluid into the opened out regions.
I would submit then that to explain the oedematous 
accumulation in the vessel wall, as in the intimal 
cells, we have perforce to recognise the existence of 
protoplasmic changes associated with the liberation 
of orvstalloidal elements. This results in an in­
crease in the osmotic tension of the tissues with a 
diffusion of fluid from one region to another across 
the colloidal membranes furnished by the tissue films. 
These retain the crystalloidal elements in the tissue. 
The diffusion stream in an outward direction will con­
tinue until the osmotic tensions on either side of 
the membranes are equal.
To understand the manner in which the tissue 
changes present result in a continual stream through 
the/
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the vessel wall Into the stroma, leading to the plough­
ing up present, it is only necessary to appreciate the 
manner in which the fluid escapes from the intimal 
layer into the immediately external tissue. As 
already stated the fluid enters the intimal cell in 
an endeavour to readjust the osmotic discrepancy 
between the protoplasm and the blood. From this it 
would seem clear that the imbibition of the fluid 
results in a lowering of the osmotic tension of the 
lining cell. This establishes a discrepancy between 
it and the immediately external protoplasm with a 
diffusion of the fluid outwards. The fluid which it 
thus loses it must again imbibe from the blood vessel. 
.It is clear that these chancres advancing in an outward 
direction will determine, so long as there are tissue 
bridges present, a continual stream of fluid. The 
fact that in the inner portion of the vessel wall, at 
any rate, changes such as I have described are occurr­
ing is proved beyond doubt by the fact that with an 
opening out of the vessel wall the swollen intimal 
cells in the corresponding region are invariably seen 
to collapse. (Figures 45,47). The most markedly dis­
tended cells are almost always in vessels which ex­
hibit the teasing out in the least degree. These 
facts indicate that the fluid imbibition of the cells
is to be taken as a clear sign of the existence of 
such osmotic changes. They also explain the in­
fluence of the condensation of the vascular walls in 
determining the intimal changes, and conversely why 
in the finer vessels with easily opened out walls 
the process is apt to be completely obscured.
In view of the above-recorded facts it is 
easy to understand why in the dense vessel walls the 
fluid spaces are small whilst they enlarge as the 
stroma is reached. In the light of these facts, 
also, we can understand the expansion of the inter­
cellular spaces. The fluid entering each of these 
is being drawn in by osmotic diffusion ar.d we can now 
readily understand the rationale of the structure of 
the spaces. The fact that they seem to be not free­
ly communicating but each separate and bounded by a 
complete protoplasmic film means that each space with 
its surrounding protoplasmic wall constitutes a per­
fect osmotic machine. The soft displaceable nature 
of this fine wall permits of its easy giving way per­
mitting of the gradual expansion of the fluid tracks, 
till in some cases they reach enormous dimensions.
In the next section I shall amplify what I have al­
ready said regarding this remarkable conformation of 
the uterine stroma and there I shall adduce evidence 
in proof o f  the fact that the soft, semi-fluid 
protoplasm/
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protoplasm is to be considered, not merely as a mater­
ial devised for an easy mechanical giving-way but as 
an arrangement by which every portion can, in re­
sponse to osmotic changes, become immediately supplied 
with the blood fluid. In this connection it will be 
seen that the so-called intricate network described 
by many writers in the stroma is in reality due to the 
appearance in the protoplasm of fluid vacuoles formed 
in the above manner. The variability of this "net­
work", which sometimes is simple (Figure I ), in 
other cases exceedingly complex (Plate III ), to 
which many writers have referred, is to be looked upon, 
not as a mere coincidence, but as an indication of the 
perfect manner in which the stroma protoplasm is 
adapted for its many and varying functional changes.
MODE OF ESCAPE OF RED BLOOD CORPUSCLES.
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Whilst the fluid constituents of the blood 
have been seen to be escaping by a process of diffusion 
across complete protoplasmic films, for an escape of 
the more solid corpuscles it would seem certain that 
there must be a corresponding giving-way of the tissue 
bridges. In all the vessels in this specimen from 
which the blood corpuscles are escaping the exodus is 
only/
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only occurring at that part of the wall, which is 
completely opened from intima to stroma (Figure 47 ).
In the case of the fine vessels this is easy and there 
is accordingly an extensive capillary haemorrhage go­
ing on in a way exactly like what occurs in the normal 
menstruating mucosa.
What factors determine the corpuscular 
escape from the opened-out vessel? In view of what 
I have said it would seem certain that the continual 
fluid stream from vessel lumen to stroma in the manner 
described must carry out the corpuscles into the 
stroma as far as there is a complete continuity of the 
track. As the osmotic stream of fluid must be in 
force not inconsiderable,this of itself would seem 
amply to account for the haemorrhage, although it must 
be remembered that subsequent to the opening out of 
the wall the ordinary intravascular blood pressure 
may take a share in the changes. The intravascular 
blood pressure dependent on the vis a tergo must, as 
the result of the continual dragging forward of the 
fluid by the tissues, in these conditions be consider­
ably supplemented.
The manner in which the fluid and corpuscles 
are conveyed to the uterine cavity will be touched on 
in the next section.
CAUSATION/
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CAUSATION OF EXCESSIVE UTERINE HAEMORRHAGE 
AS REVEALED IN THIS SPECIMEN.
Before passing on to discuss the cause of 
the oedematous and blood escape in the normal men­
strual mucosa a few words must be said regarding the 
light which the above observations throw an the ob­
scure problem of menorrhagia. In the next section 
I hope to indicate that the cause of the oedema and 
haemorrhage in the normal mucosa is due to factors 
identical in nature with, and differing only in the 
degree of their activity from, those operating in 
this abnormal specimen. If this be the case it 
would contribute additional support to the widely 
entertained idea that in many cases of menorrhagia, 
and probably also of metrorrhagia, we are dealing 
with an abnormal activity of the ovarian influence.
Apart from the similarity of the tissue 
changes present in the two conditions which I mention 
here in anticipation for the purpose of completing 
this section, there are other considerations which 
render it improbable that, in the excessive bleeding 
in the mucosa in the case just described, we are deal­
ing with an influence fundamentally different from 
that j
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that normally acting. In the first place the bleed­
ing merely consists in an increase in the quantity of 
the menstrual loss, and an extension of the duration 
of the menstrual flow. This would suggest that the 
same factor is operating, modified either in the 
direction of an increased activity or by some uterine 
changes which render the tissues more susceptible to 
its action. Which of these two different factors is 
responsible for the pathological haemorrhage it is im­
possible to say with cer taint}'. It would seem un­
likely that it can be due merely to the vascular thick­
ening, for we have seen that, so far from increasing 
the tendency to the oedematous and blood escape, this 
change has actually tended to prevent their occur­
rence. In view of this it would seem to me that we 
are entitled to assume either that the vascular thick­
ening is a coincidence or what is much more probable, 
that it is the result of the influence responsible 
for the other pathological conditions i.e. excessive 
oedema, bleeding, and glandular distension. If this 
is so it would seem not unlikely that in this specimen 
we see the results of an excessive activity of the 
influence which normally is associated with the four 
or five days moderate flow of blood from the uterus.
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MODE OP FLUID ESCAPE IN NORMAL 
MENSTRUATING MUCOSA.
I have repeatedly referred to the fact that 
the vessel walls in the normal mucosa are so formed 
as to allow of an easy and immediate opening-up of 
their structures by the oedematous exudate which pre­
cedes the corpuscular escape. In the last section I 
have shown how the abnormal condensation of the stroma 
forming the wall has forced into prominence the exact 
manner in which the fluid is being passed out. 'He 
have there seen that the tissues are actively dragging 
out the fluid and are not merely playing a passive
Arole such as all previously advanced explanations de­
mand. I have also shown how, immediately after the 
fluid exodus culminates in a free gaping of the vessel 
wall, the signs of this active tissue change are apt 
to become obscured at any rate on the inner aspect 
of the vessel. It is thus obvious that if the same 
process is being enacted in the normal stroma the 
peculiar/
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■peculiar structural arrangements present here will 
tend to veil the exact stages of the change. And 
this I believe explains why the real nature of the 
process has hitherto evaded detection. When the 
intercellular spaces become enlarged and the cells 
are widely separated it is often difficult to deter­
mine that this has occurred in anv way but by a 
mechanical leakage of fluid into the tissues.
A careful scrutiny of the structural 
changes in the vessels and stroma associated with the 
menstrual condition has , however, convinced me that 
exactly the same process is operating as in the last 
case, that the fluid exudate and therefore also the 
haemorrhagic escape are taking place not by a mechani­
cal squeezing of the blood from vessel to tissue, 
but that the fundamental cause is to be found in 
alterations that determine an active fluid imbibition 
by the tissues of the vessel wall and stroma.
On Plate V. is represented an accurate 
representation of an appearance frequently detected 
in the menstruating and the premenstrual mucosa.
The specimen from which this drawing was made corres­
ponds to the premenstrual condition. It will be 
noted that there is a marked oedematous opening oxit 
of/
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of the tissues. This has been followed by the es­
cape of two red cells into the region immediate]"' ex­
ternal to the vessel lumen. They are lying in a clear 
space in the stroma. The appearance that I wish 
particularly to call attention to is the extra-ordin­
ary tissue change associated with the fluid escape. 
The typical appearance of the stroma in the shape of 
more or less well formed cells united by comparative­
ly simple protoplasmic processes (Figures 1» 3, & 4. ) 
has become completely modified. Instead of the 
comparatively small number of large fluid spaces the 
protoplasm is beset with a multitude of spaces which 
in some cases are so infinitely small as to be just 
recognisable with this high magnification (X 1000 ) 
whilst in other places they attain dimensions as 
large as, or larger than, the ordinary intercellular 
space. The same changes are present in Plate? IV&V.I. 
It will be noted that the change has involved the 
protoplasm uniformly throughout its entire extent - 
it has obviously 1 ©d to a breaking up of the com­
paratively/- thick protoplasmic communications, which 
in the resting mucosa pass between the cells, into 
the fine fluid spaces separated by the greatly at­
tenuated cytoplasmic walls. It has also involved 
the perinuclear cell protoplasm often to a like 
degree — the usual mass of cell substance enclosing 
the /
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the nucleus is often completely replaced by an in­
finite number of fluid spaces each bounded by the dis­
placed and finely drawn-out cytoplasm of the original 
cell body. In Figures 26 & 27, I have represented 
the changes which the cells often exhibit in the 
oedematous stroma as contrasted with the simple 
protoplasmic arrangement of the resting state. It 
is clear that the formation of the fluid spaces in 
the cell body and in the connecting protoplasm is 
associated with a marked increase in the bulk of the 
affected tissues.
The appearances thus revealed are clearly 
amenable to one explanation and to one explanation 
only. They must be due to alterations in the cyto­
plasmic composition leading to an active fluid im­
bibition. A mechanical increase in pressure in the 
intercellular space might lead to a wholesale dis­
placement of the cell body or of the intercommunicat­
ing cytoplasmic connections, but it could never in­
duce the changes described. They can be attributed 
only to a chemical alteration associated with the 
liberation of crystalloidal elements and an osmotic 
diffusion across the protoplasmic colloidal membranes. 
Each of the spaces corresponds to fluid thus active- 
ly imbibed. While the exact nature of the chemical 
alterations/
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alterations is still beyond our grasp we are left in 
no doubt regarding the results they produce. I have 
already described changes of a similar Kind in con­
nection with the menorrhagic mucosa and whilst, in 
the last section I intentionally devoted more attention 
to the changes located in the vessel wall, I may state 
here that changes identical with those I have de­
scribed in the normal mucosa I was able to detect in 
the pathological stroma. In the immediate vicinitir 
of the vessel lumen the protoplasm exhibits changes 
in every respect similar to those just described.
Here the cell substance is broken up by the imbibed 
fluid which has accumulated in isolated spaces of 
greatly varying size. Here again, as in the last 
specimen, it is often seen that the spaces Iimnediate- 
ly abutting on the blood cavity are distinctly swollen 
inwards, proving beyond doubt, not only that the lntra- 
vascular blood tension is not the factor responsible 
for the fluid escape by a mechanical filtration, but 
that, so far from this being so. the fluid has actual­
ly accumulated in the tissue under a pressure hydro- 
statically greater than that in the vessel lumen 
(Plates in. & IV. )
I may state that I have been able to re­
cognise these changes in all my specimens of the nor­
mal premenstrual and the menstrual mucosa. They, I 
maintain,/
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maintain, demonstrate beyond doubt that the orthodox 
conception entertained regarding the mode of the 
oedematous (and as I shall subsequently point out of 
the haemorrhagic) escape must be completely modified.
I may state, also, that an examination of several 
hundred specimens of the mucosa (obtained fresh by 
curettage) has convinced me that the same tissue 
changes are responsible for many of the structural 
deviations of the stroma from the normal present under 
pathological circumstances. I have already referred 
to the changes in menorrhagia. I hope in a future 
publication to indicate the existence of similar 
factors in cases of metrorrhagia and leucorrhoea.
THE NATURE OF THE SO-CALLED TISSUE NETWORK OP 
THE STROMA AND THE TRUE INTERPRETATION 
OP THE INTERCELLULAR SPACES.
As was pointed out in the chapter devoted 
to the more general structure of the uterine stroma, 
varying ideas have been entertained by different 
writers regarding the exact structure of the finely 
drawn-out threads often seen in the mucosa and which 
frequently appear to be interlaced together to form 
an intricate network. By Leopold this was supposed 
to/
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to be due to the presence of a fibrous connective 
tissue structurally independent of the cells. More 
recent research has proved the fallacy of Leopold's 
observations, and. it has now been definitely shown 
that the protoplasmic processes are continuous with, 
and are composed of the same material as, the cell 
bodies.
It seems to me that the researches recorded 
in the preceding pages mark a still further advance 
in our Knowledge of the intimate structure of the 
stroma. I have already pointed out that this must 
be considered to be composed throughout its entire 
extent of a homogeneous soft, easily displaced proto­
plasm. I have further adduced evidence in favour of 
the idea that the intercellular spaces are not, as is 
usually held, freely intercommunicating but consist, 
in the ordinary resting state, for the greater part 
each of a fluid cavity completely walled in on every 
side. The protoplasmic bridges betxveen the cells 
are not, as they, at first sight, appear to be, cyto­
plasmic filaments but they are complete, though fine, 
films. (Page 53 ). it seems to me that the obser­
vations described in the xaat section lend additional 
support to this view, and they besides indicate that 
the many & varying appearances detected in the so-called
"network"/
"network" correspond to the functional changes for 
which the stroma protoplasm is especially adapter. 
These appearances are not merely incidental but are ̂  
profound importance from the point of view of a 
proper understanding of the changes in menstruation, 
and as I shall subsequently show, in pregnancy.
Enough, I think, has been said in the pre­
ceding pages to prove that the network of previous 
writers in reality corresponds to the spaces in the 
protoplasm with their thinly drawn-out but complete 
envelope of cytoplasm enclosing the fluid which has 
been actively imbibed in response to the osmotic 
changes. The presence of this complete shell of 
cell substance was an absolute certainty in the case 
of the swollen intimal elements of the thickened 
vessels. In the same vessel it was present in the 
case of the fluid vacuoles in the inner aspect of the 
same vessel walls which were seen to project into 
the lumen. It is obviously present in the case of 
the vessel represented in Platesm & IV.where the 
bulging fluid vacuoles are richly scattered along 
the inner aspect of the vessel wall. The manner in 
which the cell protoplasm of the stroma swells up 




original size indicates beyond doubt that the water 
absorbed is contained within complete films of cyto­
plasm. (Figure 27. ). These appearances thus
prove beyond cavil that the so-called network formed 
by interlacing threads of cell protoplasm in reality 
corresponds to an agglomeration in the cytoplasm of 
fluid which has been actively imbibed and which is 
contained in spaces separated by complete walls.
The attenuated -portions of protoplasm are films end 
not filaments.
The fact that the protoplasmic changes 
during menstruation are found to be exhibited in an 
identical manner by all the different elements of the 
stroma (intima, media etc) is confirmatory evidence 
of the strongest Kind in favour of the interpretation 
of the structure of the stroma which I have previous­
ly advanced. The lining and supporting cells were 
seen to be structurally similar to the stroma ele­
ments. They are now seen to be functionally 
identical.
The above observations lend added favour 
to the idea previously advanced that the intercellu­
lar spaces of the resting state correspond to fluid 
vacuoles, each completely shut in. In proof of this 
I pointed out that as a rule in section the spaces 
are/
are seen to be completely encircled by the fine proto­
plasmic bridges, and that where the opened out stroma 
cells take part in the formation of the wall of an 
expanded vessel the red corpuscles are often perfect­
ly retained. The same phenomena is often seen where 
the red cells are being drawn into the stroma tissues^ 
they are often seen to extend just so ^ar as such a 
completely walled-in space* In figure 19 this is w e n  
shown. Pour red corpuscles 'which have passed into 
the surrounding tissue from the opened-up vessel are 
seen to be lying right up against the fine wall of 
a space, xvhere they have been retained, in all pro­
bability because of the intact protoplasmic film.
The cavity of the space is devoid of the corpuscles.
These observations, it seems to me. force us 
to the conclusion that the structure of the stroma, 
consisting as it does of a homogeneous and easily dis­
placeable protoplasmic surface, is especially devised 
for the free plav of osmotic and diffusion, forces.
While I am convinced that the description 
of the structure of the mucosa which I have given 
applies to every part of the mucosa, I am unable to 
make any definite statements regarding the presence 
or absence of any continuous lymph channels. All I 
do claim is that the orthodox conception of the inter­




serious modification. Whether or not some few of 
these spaces differ from their neighbours in being 
united together to form a continuous lymph track I 
can neither assert nor deny. In the course of my 
investigations I have never seen any appearances to 
suggest the existence of such lymph vessels. It 
seems to me likely that, as the majority of the inter­
cellular spaces are completely walled-in there will 
be in the resting state a perfect arrangement for 
a free osmotic diffusion of lymph throughout the 
stroma, the fluid streams carrying nutriment to, and 
effete products from, the isolated portions of the 
protoplasm. It seems to me, also not unlikely that 
in this way the lymph stream towards the muscular 
wall of the uterus will be determined. This con­
ception, though somewhat conjectural, would seem to 
be in consonance with the more recent research into 
the mechanism of the capillary circulation and that 
by means of which the tissues are supplied with their 
nutriment. For example Leonard Hill states that "the 
influence on the capillary circulation of osmotic and 
surface energy can be no less than that effected by 
the heart and vaso-motor system, and is, probably, as 
important in controlling the flow of blood". We have 
seen/
152
seen that the stroma of the uterine mucosa is 
structurally to be looked upon as a spread-out os­
motic machine.
EXPLANATION OP THE HAEMORRHAGE INTO THE 
STROMA DURING MENSTRUATION.
We have seen that the fluid constituent of 
the blood is sucked into the tissues in response to 
a universal increase in the osmotic tension of the 
stroma protoplasm. This change we have seen pre­
cedes the corpuscular escape. By it the stroma 
cells and the walls of the vessels are teased apart, 
in this manner preparing the way for the exit of the 
red cells.
I have shown how the escaping fluid is 
able with ease to displace the soft stroma proto­
plasm, in which it collects in vacuoles of varying 
sises. The extraordinary facility with which this 
displacement occurs would seem to warrant the con­
clusion that the consistence of the protoplasm is 
somewhat of the order of a soft jelly.
In view of these facts it is not difficult 
to understand how the continual and, in all pro­
bability comparatively powerful stream of fluid 
passing/
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passing from vessel to tissue should lead to a drag­
ging out of the red cells. Of one thing, however, we 
may be certain that, whereas by the very nature of the 
osmotic stream the fluid diffuses freely across a 
protoplasmic sheet, for the leakage of the red cells 
a complete gap is essential. This fact has been re­
peatedly borne in upon me in the course of my investi­
gations. I have pointed out, for instance, how the 
red cells are often held bacK, while the fliiid is ob­
viously freely leaking, by such a fine film as passes 
between two cells (Plate I. and figure 19. ). These 
facts clearly explain how in the premenstrual phase 
there may be an extensive oedema with little or no 
haemorrhage.
I have pointed out how, by a disappearance 
of the cytoplasmic partitions, there may be an amal­
gamation of adjacent fluid spaces. This may be due
to a mere mechanical giving way or it may be due to a 
fluid imbibition by the pellicle of protoplasm. By 
the fusion or expansion of the spaces large clear 
territories may result. This ready detachment of the 
sheets (again determined by the consistence of the 
protoplasm) will amply account for the corpuscular 
escape. Whether the cells can only pass along con­
tinuous tracKs previously prepared for them by the 
fluid accumulation it is impossible to say with 
certainty/
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certainty. It seems to me, however, more than like­
ly that if the osmotic fluid stream from one side to 
the other of a protoplasmic film be appreciable, any 
red cell carried up against it will tend to pass a- 
cross. This may cause an immediate and complete 
giving-way of the whole film or, what is not unlike­
ly in view of the previous investigations, the gap 
may again close up by a flowing together of the proto­
plasm.
In any case it seems certain that the 
direct cause of the haemorrhagic escape is the os­
motic stream of fluid created from vessel to tissue 
by the active stroma changes.
EXPLANATION OP THE FORMATION OP BLOOD 
LACUNAE IN MENSTRUATING MUCOSA.
In view of these observations it is not 
difficult to understand the manner in which the com­
paratively large blood laikes or "distended capil­
laries", the exact structure of which I have describ­
ed in detail (Plates I&Il), are formed in the premen­
strual and the menstrual mucosa. It would seem at 
first sight not improbable that they are formed as the 
result/
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result of the constant and widespread imbibition of 
fluid in the superficial regions of the mucosa.
This, it is clear, must determine an increased flow 
of blood along the vessels behind. That this ex­
planation, however, does not account for the formation 
of these lacunae is proved by finding them in the 
most superficial regions of the stroma. We have al­
ready indicated that the mechanical infruence of the 
intravascular pressure does not account for the 
passage of the fluid from the vessels that opens up 
the surrounding stroma. The same considerations that 
warranted this conclusion would seem to aprly to the 
vascular expansion. As in the case of the active tis­
sue imbibition the cause of the expansion at any point 
must be dependent on purely local changes. I have 
pointed out that the opening of the wall at any par­
ticular site in an enlarging vessel is due to a 
disappearance of the protoplasmic film separating the 
lumen from the immediately adjacent tissue space.
How does this occur? It seems to me liKely that it 
takes place in a manner represented in Plate 111%
Here the vessel is still small but it is obviously in 
the process of expansion. This is determined by a 
bulring and givinr-way of the corresponding tissue film 
towards the lumen. This immediately carries the
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rumen a degree further out. The same process "by in­
volving the entire circumference of the small vessel 
will result in a new and expanded wall, in which the 
stroma cells are included. So the change will ro 
until a large sinus is produced. We thus see that 
the expansion is due to the same osmotic changes to 
which I have repeatedly called attention. In a sub­
sequent section I shall demonstrate exactly the same 
process, only in a clearer manner, in the wall of the 
pregnant tube.
RO'LE op the ep ithelium in determining the
CHANGES PRESENT.
As has been repeatedly pointed out by other 
observers the oedema and haemorrhage during menstrua­
tion is often localised in a remarkable manner to the 
neighbourhood of the surface epithelium or glands 
(Figure 13.). Under the lining epithelium the ex- 
travasated blood often collects either in 
the form of a continuous sheet or of little haemato- 
mata.
The explanation of these phenomena is not 
difficult to find when it is remembered that during 
the menstrual process there is a continual fluid and
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blood escape from the epithelial surface, and this 
especially in regard to the lining cells. The 
opening up of the adjacent regions of the stroma is 
probably to be looked upon as the result of the 
tendency of the fluid to escape into the regions of 
least, resistance - it passes more readily towards the 
regions from which it is escaping.
As has been seen by a study of the litera­
ture there is some uncertainty regarding the exact 
manner in which the red cells make their escape into 
the uterine cavity. The fluid is probably passed on 
by a secretory activity. The more recent researches 
would tend to indicate that there is little, if any, 
epithelial shedding during menstruation. This 
leaves only two methods of accounting for the leakage 
of the red cells. It must be through or between the 
cells. In some of ray specimens I have detected the 
presence of clear tracks between the cells, in some 
cases large enough to accommodate the red corpuscles,
. but as I have stated on a pre­
vious page I have never noted the red cells actually
passing through in quantity. Is it possible that 
these appearances indicate the tracks by which the
cells escape, and that in the process of hardening of
the specimens, the shrinkage has tended to force out 
the cells?
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S U M M A R Y .
1. The oe&ematous Infiltration of the tissues, 
which precedes the haemorrhagic escape, is 
due neither to a mechanical displacement 
or filtration of fluid from the vessels 
nor to a secretory activity of the intirnal 
cells.
It is dependent on protoplasmic changes which 
result in an active imbibition of fluid 
from the vessels, by a process of osmosis.
So far as we at present know this change is 
due to a widespread liberation of crystal­
loids! elements in the tissues. The fluid 
diffuses from the vessels, teasing out the 
vessel wells and the surrounding stroma in 
the process.
5.The stroma & vessels are especially adapted for 
such a process by virtue of the structural 
peculiarities previously noted. Additional 
evidence has been advanced in support of
i
the belief that the intercellular spaces 
are completely walled-in under ordinary cir­
cumstances. The so-called network corres­
ponds to the fine films separating the 
fluid/
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fluid chambers of the functioning stroma 
protoplasm. The stroma is a potential 
blood sponge.
The opening-out of the stroma and vessels pre­
pares the way for the escape of the corpus­
cles. This occurs by a process of dia- 
pedesis, and also as the result of a whole­
sale displacement of the vessel wall and 
stroma. Into the composition 
of the wall of the sinuses or lacunae 
stroma cells largely enter.
These vascular changes are probably chiefly 
due to the active osmotic streams radiating 
from the vessels into the tissues. How 
far the ordinary vis a tergo dependent on 
the heart force acts it is impossible to 
say. It seems likely that it is insigni­
ficant .
The exact process by which ¿he blood cells 
escape into the uterine cavity these re­
searches do not elucidate. Is it mechani­
cal or of a nature' similar to that above 
described?
The tissue changes are, so far as we at
present know, due to some material (secre­
tion or enzyme?) liberated by the ovary.
(In/
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(In subsequent sections I shall endeavour 
to prove that the bio-chemical substance 
derived from the chorionic cells produces 
changes in the maternal tissues in many 
respects identical with those described in 
the menstruating mucosa. )
S E C T I O N  I I I
MODE of ACTION of CHORIONIC STRUCTURES 
ON MATERIAL TISSUES.
PREGNANT TUBE.
INVESTIGATIONS carried, out for the PURPOSE of DIS­
COVERING the NATURE of the ACTION of the CHORIONIC 
CELLS on the MATERNAL TISSUES, especially with 
REGARD to the CHANGES in the BLOOD-VESSELS.
I propose to discuss the maternal changes 
induced by the foetal elements as detected in the 
following regions
(1) The wall of the Pregnant Tube.
( 2) The uterine wall in those cases where foetal 
fragments of the placenta are retained.
(3) The uterine and other tissues in chorion-
epithelioma.
(4) The uterine tissues in normal pregnancy, and
the function of the decidual membrane.
The INFLUENCE of the CHORIONIC CELLS on the MATERNAL 
TISSUES, as studied in the PREGNaNT TUBE
The material used for this investigation 
consists of nine specimens of tubal pregnancy. They 
were all removed by operation and they were, there­
fore, obtained in a perfectly fresh state. In the 
shortest/
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shortest possible time they were, in each case, placed 
in Pick’s solution ( No I ) for hardening. The de­
sired portions of the tubal wall we re removed and 
mounted in paraffin. They were then cut into serial 
sections, varying in number from 40 to 2,00a. Out 
of the total number of specimens examined, I propose 
to limit my description of the histological details 
to five of them, in which, with one exception, the 
fact that the embryonic structures are in a perfect 
state of preservation indicates that the changes 
present in the tube are not dependent on the process 
of degeneration or repair subsequent to the death of 
the chorionic cells. The reason for making the 
exception mentioned will become evident in a later 
part of the research. The approximate durations of 
the pregnancies are 7-10 days (?), 2-3 weeks, 2 months, 
3-tt months, and 4 months.
In the wall of the pregnant tube it is 
found that where the chorionic cells come into con­
tact with the maternal structures there is present 
a zone of markedly degenerated tissue - the cell 
outlines are obscured or have disappeared, the nuclei 
have disintegrated and there is produced a homo­
geneous necrotic surface which forms the confines 
of the ovum bed. One of the most characteristic
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features of this neorotic zone is the extensive in­
filtration of the tissues with red blood corpuscles. 
(Plate VII]). There is usually present also a marked 
oedematous exudate.
Imbedded in this degenerated tissue, 
which is formed chiefly of disintegrated muscle, 
there are often seen cells which contain a pale 
nucleus and often attain a very large size. The 
main distinguishing feature of these cells is the 
enormous increase in the cell-body, a trait which 
identifies them with the decidual cells in the 
uterine mucosa, which are found in normal and also 
in tubal pregnancy, and which are produced by an 
enlargement of the stroma connective-tissue elements. 
It seems certain that in the tube, also, these cells 
are connective tissue in origin. A mass of degener­
ating tissue containing such cells is shown in Plates 
VII. and VIII.: it immediately borders on the inter­
villous space. The structure of the tubal wall, in 
which the connective tissue elements are never found 
massed together as in the uterine mucosa, precludes 
the possibility of a decidual formation occurring to 
the extent present in the uterus. In the tube the 
change is, for the most part, indicated only by the
presence/
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presence of these transformed cells scattered ir­
regularly about the muscular tissues. An exception, 
however, must be made to this general statement in 
view of the fact that the connective tissue of the 
raucous ridges of the tube, which corresponds closely 
to the stroma of the uterine mucosa, is able to 
undergo a change identical, in many respects, to 
that found in the decidual membrane of ordinary preg­
nancy. The importance of this fact I shall refer 
to in greater detail in the course of this research.
Whilst the above-mentioned vascular and 
tissue changes are detected in the most raarhed degree 
in the immediate vicinity of the ovum, they are by 
no means limited to this region. By most observers 
they are recognised as due to some bio-chemical in­
fluence, probably an enzyme or enzymes, liberated 
by the cells of the developing chorion. The 
probable nature and properties of this foetal in­
fluence I shall discuss in greater fulness in a 
subsequent section; in the meantime I shall follow 
the usual practice and refer to it under the rather 
vague terms of "chorionic influence", "foetal 
activity", etc.
As the study of the pregnant tube has been 
approached in order, if possible, by a process of 
analogy to oast some light on the v/ay in which the 
uterine/
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uterine mucosa reacts in the case of a normal preg­
nancy, and especially on the alterations exhibited 
by the maternal vessels in the provision of an ample 
supplì'- of blood for the engrafted ovum, it will be 
necessary to trace the vascular changes in the tubal 
wall in some detail. It v/ill be helpful if I pre­
face my description of these changes as detected 
in my specimens by a short resumé of the more recent 
literature on the subject.
As far as I can discover from a study of 
the literature on tubal pregnancy, the expression of 
opinion is unanimous in favour of the belief that 
the developing chorionic cells procure their requis­
ite blood supply by destroying the maternal vessels 
which they encounter in their advance. As to the 
exact nature of the destructive activity with which 
the chorionic epithelium is endowed, there is some 
divergence of opinion, and not a little ambiguity in
the literature. Some authors, such as Heinsius,^1 )
( 2 ) ( 3 ) ( 4 ) ( 5 )Fellner, Raschfces, Schambacher, Berkeley and Bonney,
( 6 )
Whitridge Williams and others would seem to incline 
to the view that the opening up of the vessels is 
due to an active cellular invasion of the maternal 
tissues by the chorionic off-shoots - these« after 
becoming engrafted on to the tubal wall, destroy 
and/
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and replace the maternal structures, and, in this
way, create gaps in the vessel walls. Other ob-
(7)servers such as Kroemer and others endeavour to ex­
plain the phenomena not by actual cellular incursions 
of this nature but rather by a sort of softening 
and corrosion of the tissues. When the process 
involves the wall of the vessel this gives v/ay, 
permitting an escape of blood round the advancing 
foetal structures. Still other writers, for the 
purpose, it would almost seem of avoiding committing 
themselves one way or the other, either hazard no 
statement at all, or employ such indefinite phrases 
as "the influence of the chorionic cells", "the 
bio-chemical activity of the foetal cells".
For the purpose of testing the validity 
of these views, and, if possible, of arriving at 
some definite conclusion on the subject, I have 
carried out an extended investigation in my speci­
mens. To obviate as far as possible the risk of 
an erroneous interpretation of the appearances 
presented, the examination has been conducted ex­
clusively by means of serial sections.
As regards the first of the above-^raentioned 
views, namely that the opening of the vessels is 
dependent/
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dependent on a projection of the chorionic buds into 
the maternal structures which become destroyed and 
replaced, the evidence derived from my specimens is. 
at first sight, somewhat ambiguous. The specimens 
exhibit the y/ell-known appearance in the fact that, 
round the periphery of the ovum bed, the foetal 
cells have, here and there, become engrafted on to 
the wall of the tube. Where this has occurred, 
the portion of the tube wall appears to be eaten 
away and replaced by chorionic cells, which are in­
corporated with the maternal tissues or are un­
attached, and lie free in bays, formed in the sur­
face of the tubal wall, forming the confines of the 
ovum bed. Where the foetal ectoderm has encoun­
tered a vessel in its progress the same process has 
taken place, till in some cases the embryonic cells 
are seen to have bored right through the vessel and 
project into the lumen. This action is certainly 
usually not difficult to discover, though in my 
specimens it is not present to any considerable ex­
tent. The true interpretation of this appearance,
I shall describe in a later section. In the mean­
time, I would suggest as a logical conclusion that 
per se an invasion of the wall of a vessel by the 
chorionic/
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chorionic cells would not be likely to lead to a 
wholesale gaping without some other process e.g. 
softening. It seems likely that the replacement of 
the destroyed tissue by the foetal cells would plug 
the breach produced, and would thus prevent the 
mechanical escape of the blood.
Whilst the process Just described cul­
minates in the part of the villus which is free in 
the vessel lumen becoming bathed in blood, it does 
not account for the wholesale gaping of the maternal 
vessels round the wall of the foetal cavity, which 
pour their blood into the intervillous reservoir.
In some regions, it must be admitted, it is possible 
to detect the spread of the chorionic cells for some 
distance along the inner aspect of the wall of a 
vessel, which has become opened out into the inter­
villous space. In my specimens this was detected 
in only a few places and is amply accounted for by 
the fact that it happened to be the spot at which 
the chorionic cells had alighted. That the free 
ends of the villi floating in the intervillous 
space may be carried into the open mouths of the 
vessels has been repeatedly described by previous 
observers. After gaining an entrance the villus 
may/
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may grow for a considerable distance along the
vessel. This process, which has been termed by( 3 )
Veit "deportation of the villi" occurs both in tubal 
and in uterine pregnancy ( Figure 56 ). Detachment 
and carrying away of foetal cells from these intra- 
vascular villi has been advanced by the same author 
to explain the etiology of eclampsia. The entrance 
of these villi into the vessels might at first sight 
suggest that the apertures produced in the vessel 
wall had been due to a direct spread of the foetal 
villi through the wall, and that their further 
growth had given rise to the appearances noted 
above. This argument, however, is undermined by 
the demonstration of Veit, that the villous growth 
has occurred only along the veins, and he, therefore, 
suggests that their situation within the vessel 
lumen is to be explained by the fact that they v/ere 
carried there by the force of the blood stream sub­
sequent to the opening up of the veins.
That a direct cellular invasion of the 
foetal villi is discredited, as a satisfactory ex­
planation of the phenomena is proved, in addition, by 
the fact that in many places the
mouths of the vessels which discharge their blood 
into /
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into the embryonic space are found to be situated 
at a distance, sometimes considerable, from the 
sites where the foetal cells are engrafted on the 
tube wall (Plate VII.)* As a matter of fact, in my 
specimens, this engrafting has occurred only to a 
comparatively small extent and certainly in a degree 
much smaller in proportion than the number of the 
opened-up vessels. The only logical conclusion 
from these observations is that the vascular gaping 
is produced by some influence other than the process 
conjectured by the aforesaid authors. It would seem 
to be in the light of these facts that some authors 
have endeavoured rather to attribute the destruction 
of the vessel walls to the softening or corroding 
action of some material liberated by the chorionic 
cells, and this explanation would certainly meet the 
case much more satisfactorily. It would seem not 
improbable that -in advance of the developing villi, 
the structures of the tube wall are by this means 
softened and dissolved, and the vessel walls sharing 
in the process, that the blood circulating in their 
channels is liberated and discharged, through the gaps 
thus created, into the intervillous space. This view 
affords an ample explanation of the above-mentioned 
facts, that the vessels opened up are often situated 
in/
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in regions at a distance from the infiltration of 
the chorionic cells. This interpretation of the 
phenomena, also, possesses the advantage of explaining 
the fact, which, though remarkable-has received only 
a scanty attention in the literature, namely that 
the dimensions of the ovum cavity in the tube as in 
the uterus are greatly in excess of the requirements 
of the ovum and its villous projections. This pro­
vision, of course, is necessary for the existence of 
a blood filled intervillous space, and is in all 
probability attained in part by a dissolving in­
fluence such as we have described. In a subsequent 
section of this research an attempt will be made to 
demonstrate that different factors, however, are at 
work in the case of pregnancy in the uterine mucosa.
We thus see that whilst the facts are 
completely at variance with the views entertained by 
the first class of observers mentioned in a previous 
paragraph, they conform at first sight with the 
opinions advanced by the second class. Do these, 
however, constitute a full and efficient explanation 
of all the phenomena? My researches have led me to 
answer this question in the negative. My specimens 
have furnished evidence which, in many respects, is 
fundamentally/
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fundamentally opposed to this simple explanation.
If we examine the tuba wall behind that 
part forming the limiting surface of the ovum cavity, 
we find that the vessels exhibit remarkable changes, 
changes which must be considered as casting important 
light an the manner in which the vessel lumina in 
immediate proximity to the ovum are brought into 
direct continuity with the intervillous space.
These changes are most evident in the region of the 
tube forming the wall of the gestation cavity and 
become less and less marked as this is left. They 
are, hov/ever, still detectable at a considerable 
distance from the site of the ovum.
In Plate VII.is shown the condition 
typically present. In the lower part is seen the 
region of the intervillous space. At this region no 
villi are present. On the right side, opening into 
this by a wide mouth .is seen a distended vessd-There 
are no chorionic cells in its neighbourhood, which 
might have accounted for the removal of its wall by 
a direct infiltrative and destructive influence; 
this fact was confirmed by tracing the sections in 
series throughout the entire extent of the gaping 
vessel orifice. In the neighbourhood of this 
vessel/
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vessel several epithelium-lined spaces are seen; 
these correspond to a diverticulum from the tube 
lumen which had extended for a considerable distance 
into the muscular portion of the tube wall, and 
which has been cut across in three different regions 
of its course. To the left of the gaping vessel 
is seen another blood filled space, separated from 
the intervillous blood region only by a thin lamina 
of the degenerated tube wall, which at one part is 
extremely attenuated and is, as a matter of fact, on 
the point of giving way. This space corresponds to 
a distended blood vessel. Another vessel somewhat 
smaller than this, is shown still further to the 
left of the plate. The lesson which this plate is 
m©re especiall3r intended to convey is to be seen in 
the fact that the blood corpuscles are straying in 
quantity from the vessel lumina into the surrounding 
region of the tube wall, and, at the part where 
there is left only a thin partition between the two 
blood spaces, the corpuscles are actually seen to be 
passing in considerable numbers through this ne­
crosed region of the tube wall into the intervillous 
space. In the immediate proximity of this vessel 
there were present no chorionic cells. The great 
distension /
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distension exhibited by the vessel and the exodus 
of the red corpuscles into the intervillous space 
even before there was an actual breach in the con­
tinuity of the vascular wall would tend to suggest 
that there must be some influence at work conspiring 
to soften and tease apart the vessel boundaries, an 
action which leads, in the case of those vessels in 
immediate proximity to the gradually receding sur­
face of the ovum cavity, to an increasing thinning 
out of the wall, which ultimately gives way, per­
mitting the affected vessel to contribute its share 
to the intervillous reservoir. It can easily be 
seen that, in a short time more, the vessel ex­
hibited in Plate VIf..would have been brought into free 
communication with the large blood space.
If we can arrive at some definite con­
clusion as to how this process occurs, we shall be 
furnished with important information regarding the 
mode of action of the chorionic ectoderm in the 
tubal wall and, by analogy, we may glean some evidence 
of importance in a similar enquiry with respect to 
the manner in which the uterine mucosa reacts to 
the growing ovum in the case of an ordinary preg­
nancy. in the first place, in the case Just cited, 
which represents the typical condition in these 
parts of my specimens in which we can follow the 
process/
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process in all the stages short of an actual whole­
sale breach in the vessel walls, it will be freely- 
admitted that the opening up of the vessel cannot 
be dependent on a direct invasion by the chorionic 
cells. It is obvious, in addition, that it is not 
due to a softening and destruction of the tube wall, 
which advances gradually from the bounding surface 
of the gestation sac outwards, opening up the vessels 
encountered en route. It may, at first sight, seem 
possible to explain it as due to a gradual expansion 
of, and blood escape from, a vessel due to the soft 
and distensible nature of the medium in which it 
courses, and to an ultimate giving way when the 
tissue between the two bloods is reduced in thick­
ness to such an extent as to be unable to resist the 
intra-vascular blood pressure. This simple inter­
pretation, however, does not solve the problem and 
in proof of this I submit the following facts.
As already mentioned the portion of the 
tube wall bordering on the ovum cavity is extensive­
ly infiltrated with red blood corpuscles. These 
are especially numerous round the vessels, many of 
which are greatly distended. This condition is, 
however, present, sometimes to a marked degree, 
even at a considerable distance from the ovum. In 
Plate/
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Plate VUI is shown a section demonstrating these 
appearances in a lucid manner. In the lower part 
is seen the intervillous space, in which several 
villi are pictured. The immediately adjacent tube 
wall is undergoing a marked fibrinous degeneration, 
and is interspersed with extravasated blood. Above 
this a less necrosed portion of the tubal wall is 
shown. Here and there, especially round the blood 
vessels, which are somewhat distended, there is 
likewise a haemorrhagic extravasation. In figures 5? 
53 and 59 are shown such vessels. The method of 
the blood escape is well shown; the red cells are 
seen streaming out through the wall into the sur­
rounding tissue, which has been opened out by a 
previous oedematous exudate. With the red cells 
there are also present considerable numbers of leu­
cocytes of all types, the pol3onorphonuclear pre­
dominating. The tissues in which the changes are 
taking place are softened and degenerating.
With regard to the distension of the 
vessels there is a point of considerable interest 
and importance. This has already been demonstrated 
on Plate vil» and it is again well seen in the 
figures here reproduced. The increase in the dia­
meter of the vessel lumina often does not occur in
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a regular and uniform manner such as we associate in 
other parts of the body with an enlargement due mere­
ly to an increased intra-vascular tension. The 
distension in this case is of an uneven, sometimes 
very irregular nature. The walls open out more 
at one part than another, the result being the 
transformation of the ordinary roundedcontour into 
one ragged and uneven. In a short time the con­
fining wall becomes completely teased asunder and 
the blood comes to b e contained in an uneven space
formed entirely by the opened out surrounding tissues.
&5S
In figures 57 are shown two sections across the same 
vessel at different parts of its course. In the 
first place the vessel is seen to have still re­
tained its even contour, the wall being preserved.
In the second figure, on the other hand, this 
appearance has been replaced by an extremely uneven 
vessel boundary. These figures indicate clearly 
the manner in which the vessel expansion occurs.
It tafces place at the expense not only of a dis­
placement of the boundary wall but also of a dis­
placement of the adjacent tissues, a change which 
steadily progresses till the originally comparatively 
small vessel is transformed into a large and still 
increasing/
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increasing blood space or cavity. Even then round 
the margins of this there is often seen on sections 
to be a free exodus of the contained corpuscles into 
the adjacent tissues. This condition is present 
round the entire circumference of the ovum cavity 
often becoming as already noted more and more evi­
dent as the boundaries of the intervillous space 
are reached.
In the proximity of the ovum the 
histological changes in the tissues are obscured 
because of the degree to which they have succumbed 
to the fibrinous degeneration, and, to obtain in­
formation of an accurate nature regarding the actual 
changes present, we have to carry our attention to 
the vascular alterations in the tube wall at a 
greater distance from the ovum. The evidence 
thus acquired will enable us more readily to under­
stand the changes to which i have referred. As 
we pass further and further from the gestation 
cavity we find a gradual diminution in the grossness 
of the vascular changes. The crumbling away of 
the walls with a wholesale extravasation of the 
contained blood into the surrounding tissues, which 
we encounter in the immediate proximity of the 
developing/
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developing ovum, becomes gradually less and less 
evident and is replaced by a softening and expansion 
of the vessels with here and there small areas of 
blood escape into the vessel wall and the adjoining 
tubal tissues. Throughout the entire extent of 
the affected tube there are found large irregularly 
shaped, sinus-like blood spaces, resembling, in 
every respect, the blood sinuses which develop in 
the muscular wall of the uterus during ordinary preg­
nancy. The mode of formation of these blood tracks 
in the tubal wall and its possible bearing on the 
manner of origin of the similar uterine lacunae will 
be fully described in a subsequent section of this 
research.
In endeavouring to determine the manner 
in which the teasing out and gaping of the vascular 
wall occurs during tubal pregnancy our purpose will 
be best accomplished by directing our attention, in 
the first place, to the changes exhibited by the 
small thick walled vessels at a considerable dis­
tance from the ovum, in regions where the condition 
is definitely established. Passing thence by 
degrees to the region of the gestation cavity vie are 
enabled to trace the process from a mere softening 
to/
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to the wholesale destruction of the vessel walls in 
the immediate vicinity of the embryo.
In figure ^  is shown a section of a 
small vessel, the wall of which is represented by 
a homogeneous fibrinous material, in which there are 
present a number of well-preserved nuclei. Pervading 
the wall a number of clear spaces are seen, which 
on section are represented by vacuoles. These, 
though present throughout the entire thickness of 
the wall, are most evident immediately under the 
endothelial layer. The changes, which are present 
here, and which, as will be subsequently shown, are 
found widely scattered throughout the tubes, might 
at first suggest the existence of a fatty degenera­
tion of the tissues, the clear spaces corresponding 
to fat globules, which have been dissolved in the 
preparation of the section. That this is not so is 
easily proved by preparing the fresh specimen, and 
then staining it, for fat. I mention this point 
here to dispose of it once and for all. The 
resemblance to a fattyde?;aneraticn,which appears at 
first sight, will be found to completely vanish with 
a fuller study of the changes.
The adjoining tissues of the tubal wall
are/
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are spread, apart by an oedematous exudate. The 
oedematous infiltration of the vessel wall and 
surrounding structure represents a condition, which, 
as we have already mentioned, is existent in every 
part of the pregnant tube. It is usually most 
evident, as shown in the accompanying figure, in 
the immediate environment of the vessel, and it is 
due to some influence leading to an increased es­
cape of fluid from vessel lumen to tissue spaces.
The well supported vascular walls are for the most 
part not involved in the process to the same degree 
as the more displaceable structures of the tube, 
but that they share sooner or later in the change 
is shown by the figure.
The structural changes underlying this 
dropsical infiltration of the vessels, which play 
an important role, in the softening and ultimate 
giving way of their walls are, in all probability, 
closely allied to those which operate in the pro­
duction of oedema in general, occurring, as it does, 
in the condition which we are investigating, in the 
wall of a markedly degenerating tube, it is possible 
that factors may be introduced which differ in kind 
or degree from those concerned in the production of 
oedema/
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oedema in other regions. The factors which must 
concern us in an investigation into the causation 
of the dropsical condition Just referred to, are 
any or all of those responsible for an increased 
transference of fluid from vessel to tissue, and are 
obviously identical to those which operate in the 
production of oedema elsewhere. These factors are 
(1) the blood in the vessels. (2 ) the endothelial 
lining of the vessel and (3) the structures exter­
nal to this, namely the rest of the vessel wall, 
in the case of vessels larger than capillaries, and 
the neighbouring tissues of the tube.
The numerous attempts which have been 
made in recent years to cast light on the difficult 
problem of the production of oedema have, for the 
most part, been based on the supposition that the 
mechanism at work in the pathological escape of 
fluid from the vessels, which constitutes this con­
dition, is, to a large extent, similar to that con­
cerned in the physiological transmission of the 
lymph fluid. The investigations into the manner 
in which l3onph is formed under ordinary conditions 
have been largely approached by the study of the 
variations in the lymph flow under differing arti­
ficially/
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artificially produced, circumstances, the results 
thus gained being employed in an attempt to detect 
the factors normally in operation. These investi­
gations have been conducted, for the most part, by 
experimental methods of research. The different 
conceptions entertained may, for convenience, be 
grouped under two headings, according to the factors 
supposed to dominate the process.
(1) The first or the so-called "Physical Theory" 
attributes the phenomena of lymph escape to 
purely physical laws. The simplest coi^eption 
was that associated with the name of Ludwig, 
who supposed that the process was due to a 
mechanical filtration of fluid through the 
capillary wall from the vessel lumen, where 
the pressure is higher, to tissue, where it is 
lower. This, in the hands of later investi­
gators, has been added to, so that now-a-days
the forces of diffusion and osmosis, depending 
on a chemical inequality of the fluids on either
side of the capillary membrane, are held to 
play a prominent part. To^completely account 
for all the phenomena, Starling has added still 
another factor, namely a variation in the per­
meability of the capillary walls in different 
regions./
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regions. All the investigators, who incline 
to this physical interpretation of the pheno­
mena, agree in believing that variations in 
the intra-vascular pressure of the blood must 
play an important role in the process, but 
there is still a considerable divergence of 
opinion as to the extent to which alterations 
in the tissues themselves determine the fluid 
exchange. The experiments of Lazarus-Barlow, 
Asher, Bainbridge and others, would tend to 
prove beyond doubt that the quantity of the 
lymph formed is controlled to a large extent 
by the activity of the tissue elements.
According te . starling, Asher and others 
the metabolic changes induced in the tissues 
during their activity result in a breaking 
down of the complex protein, carbo-hydrate 
and fat molecules to simpler ones. In the 
process there is a liberation of crystalloids 
which, passing into solution, increase the 
osmotic tension of the tissues and determine 
a passage of fluid from the vessels. This 
conception of the process is certainly con­




physics of the cell, (vide Moore).
(2) In the second category there is the so-called
"Vital Theory”, associated especially with the
( 15)
name of Heidehhain. This investigator and 
his supporters have carried out a large number 
of experiments with the object of demonstrating 
that the physical laws of filtration, diffusion 
and osmosis do not suffice to explain all the 
phenomena, and they have adduced as a necessary 
element a secretory activity on the part of 
the endothelial cells. The many variations, 
normal and experimental, which are exhibited 
in the amount of the ljrmph flow, are by them 
to be attributed to variations in the vital 
and selective activity of these cells.
Y/orhers on the mode of production of a 
pathological accumulation of fluid in the tissues 
or oedema have.in their investigations, pursued 
closely the lines indicated by those engaged in the 
quest after the secret of physiological lymph 
formation. It is obvious that a scrutiny of the 
factors concerned in the transmission of fluid 
from vessel to tissue, with in addition, any con­
ditions which retard or obstruct the escape of the 
fluid/
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fluid thus formed, must embrace all the agents res­
ponsible for the occurrence of oedema. It is ob­
vious that any disturbance of the different con­
ditions, normally acting in harmony, may determine 
the production of a dropsical state. This dis­
turbance may be of the nature of an increase in the 
blood pressure or a change in the composition of the 
blood, it may depend on a pathological state of the 
endothelium, or an abnormal composition of the tissue 
elements, resulting in the production of diffusion 
or osmotic currents.
As already indicated a study of my 
specimens has convinced me that the changes operating 
in the softening and opening up of the vessels in 
the tubal wall during pregnancy in that region are 
intimately bound up with the structural alterations 
which lead to an oedematous infiltration of the 
vessel walls and tubal tissues. This is associated 
with a teasing asunder of the elements which con­
stitute the walls of the vessels and is followed 
sooner or later by a breach in continuity with the 
production of a track or tracks leading directly from 
vessel lumen to tissue or intervillous space. It is 
obvious, therefore, that any investigations which 
cast/
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cast light on the mode of production of this dropsical 
escape must carry us a long way towards a proper 
understanding of the manner in which the ovum en­
grafted in the tube wall is furnished with its blood 
supply.
In conducting this enquiry I have follow­
ed the lines indicated by previous workers on the 
production of oedema in so far as this includes a 
scrutiny in succession of the possible determining 
agents. My investigations, however, have necessarily 
differed from their*s in the fact that I have carried 
out my research by the aid of the microscope and not 
by means of experimental measures. So far as I 
know the observations here recorded incorporate the 
first attempt ever made to elucidate the difficult 
problem of oedema-production by means of an actual 
systematic and histological survey of the tissue 
elements concerned in the process. This fact would 
indicate that any light cast on the subject by this 
means will, in addition to affording us assistance 
in our local enquiry, add evidence of a different 
nature from that hitherto obtained in regard to the 
study of oedema in its more general aspects.
In approaching the study of the changes 
responsible for the oedematous ploughing up of the 
vessel/
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vessel walls and tube tissues to which we have 
already referred, it will be well to consider them 
under the various headings already indicated, namely 
(1 ) alterations in the blood (2 ) changes in the 
fine membrane formed by the endothelial layer and
(3 ) changes in the rest of the vessel wall and the 
surrounding tissues. In our enquiry, vessels 
thicker than the capillaries have been chosen for 
a reason which will soon become evident.
ALTERATIONS IN THE BLOOD.
As regards the blood contained in the 
vessels, changes may occur in two different direc­
tions, in the form of altered composition or altered 
pressure. An alteration in the constituent elements 
of the blood cannot per se lead to an increased 
escape of fluid through the vessel walls. Any inter­
change of fluid between blood and tissue, in the 
form of an increased transference from vessel, must 
be dependent on an alteration in endothelium or 
tissue, except in the case of a mechanical filtra­
tion, which comes into consideration under the 
heading of altered pressure. In this place, how­
ever, it is necessary to state that the bio-chemical 
material/
189
material emanating from the chorionic cells, pro­
bably of the nature of an enzyme, and which we have 
seen must be the primary causal agent in the changes 
under discussion, may possibly be carried to the 
affected regions by means of the blood stream. This 
reservation which does in no way affect our present 
argument, will be more carefully discussed in a 
subsequent part of this research.
Is the dropsical exudation."hen, to be 
explained by a mechanical escape of fluid from 
vessel lumen into vessel wall and thence to the 
tissues? This explanation would, at first sight* 
seem to accord with the established facts, namely 
that in the first place, during pregnancy there is a 
well-marKed local congestion and probably increase 
of intra-vascular pressure, and that, in the second 
place, there is a degenerative softening of the 
tissues. These two conditions acting in consort 
might be supposed to explain the facts adequate^, 
the first resulting in an increased transudation of 
fluid across the vessel walls, the second allowing 
of an easy detachment and displacement of the ele­
ments of the vessel wall and tissues. That the 
phenomena, however, are not amenable to such an easy 
interpretation/
interpretation is proved by a study of the histolo­
gical changes present.
The ploughing up of the vessel walls by 
the watery escape may, for purposes of description, 
be divided into three stages marked off from one 
another more or less roughly. In the earliest stage 
the condition has involved the inner portion of 
the wall, which is seen to be beset with a number 
of fluid tracks, which on section appear as clear 
vacuoles. In the next stage the condition has in­
volved the entire thickness of the vessel wall, 
whilst, in the last stage, there is a wholesale 
ploughing-Jup of the wall with the creation of gaps 
which establish a direct communication between 
vessel lumen and tissue spaces. Throughout the 
process the surrounding tissues of the tubal wall be­
come the seat of a watery infiltration, whose in­
tensity in many places is seen to vary in proportion 
to the degree of damage of the vessel wall. In some 
cases it is easy to detect varying degrees of these 
changes in different parts of the same vessel.In Figs.
60,61,& 62 are shown examples of the first stage, in 
Figure one of the second stage, these being from 
different sections of the same vessel, whilst In 
Figure 58 is shown an example of the third stage.
Here, besides a wholesale escape of fluid, which is 
readily recognised in the other cases, there has oc­




That a mechanical filtration into, and 
displacement of, softened tissues, does not suffice 
as an explanation of the phenomena is revealed by 
a more careful study of the changes. In figures 61 
66, 68 & 69, it is seen that the fluid, which has 
passed into the vessel wall and has accumulated in 
spaces toward Its inner aspect, has led to a lifting 
up or projection of the endothelial cells into the 
vessel lumen in the form of distinct bulgings.
This is even better demonstrated in Plate IX. . in 
some cases this condition is associated with knob- 
like swellings formed of the individual cells, in 
other cases it is represented by a separation and 
bulging towards the lumen of the endothelial layer 
of cells, which have become detached as a sheet 
(Figure 65 ). These appearances .which I have
been able to detect with ease in all my specimens of 
tubal pregnancy, demonstrate that, in the trans­
ference of the fluid from the vessel lumen which 
has accumulated In the inner part of the wall and 
led to a displacement of the endothelium, there has 
been in operation a force other than a mere mechani­




higher to on9 of lower fluid pressure. In fact it 
is obvious that, so far from this being the explana­
tion of the phenomena, the fluid leading to the en­
dothelial uplifting must actually be under a hydro­
static pressure higher than that in the vessel lumen. 
The extent to which this change occurs in different 
vessels and in different specimens varies v/ithin 
wide limits. As a general rule it may be laid down 
that the better supported the vessel wall, and the 
greater the success with which it resists the soften­
ing and exudative process, the more marked the in­
volvement of the inner part of the vessel wall.
This fact is not difficult to explain. The greater 
the implication of the outermost parts of the vessel 
wall in the process, the more readily can the fluid, 
which is being abstracted from the vessel, be passed 
on, relieving in this way the fluid tension on the 
endothelial aspect. The force of these facts is 
emphasised by a study of figure 65 • Here the 
fluid accumulation has occurred to such an excessive 
degree as to lead to a forcible detachment and in­
ward projection of the endothelial sheet. It will 
be noted that In this vessel the outer part of the 
vessel wall has remained practically immune to the 
changes. These appearances, which are present in
my fresh sections, demonstrate, moreover, that the
103
force determining the fluid, exchange must be con- 
9idarably In excess of that of the pressure of the 
blood in the vessels. In passing, it may be men­
tioned that the location of the structural changes 
to the innermost part of the vessel wall is, for the 
most part, most evident in those vessels, which ex­
hibit a decidual reaction in their wall. The 
importance of these facts with regard to the function 
of the decidual cells will be more particularly re­
ferred to in a later section of this research.
A more careful examination of the exact 
histological changes associated v/ith this dropsical 
condition of the Innermost part of the vessel walls 
reveals some facts of considerable Interest and 
importance. In some cases the oedematous exudate 
has collected under the endothelial cells. This 
Is invariably the condition present when the fluid 
accumulation has occurred to any marked extent. When 
there is awholesale detachment of the endothelial 
layer, such as is present in figure 65 , it is
obvious that the fluid must be contained for the 
most part, in a space entirely sub-endothelial in 
position. In other cases, however, the watery 
escape is associated with a fluid accumulation in 
the/
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the endothelial cells. This hydropic distension of 
the individual cells, which in pathological text­
books is somewhat erroneously termed "vacuoiation", 
is accompanied with a marked swelling of the cell, 
the cell substance being displaced by the accumu­
lating fluid to the periphery where it is represented 
often merely by a fine film. The detection of this 
film of cell protoplasm is sufficient to indicate 
that the fluid accumulation has occurred within 
and not outside the cell. The distending fluid has 
likewise led to a displacement of the nucleus to 
the surface of the cell, and the result produced by 
the clear space, surrounded by the pellicle of cell 
substance, with the nucleus at the pole, has been 
designated by the term of the "signet ring" appear­
ance. The changes in the nucleus are usually 
characteristici it becomes flattened and drawn out, 
often occupying a large area of the circumference of 
the cell, and it is interesting to note that in the 
larger number of instances it is displaced towards 
the part of the cell projecting into the cell lumen. 
These appearances are well demonstrated in figures 
60, 61 and 63 . Another structural change of great 
interest is to be seen in the fact that the nuclear
IS 5
substance often appears to be drawn out in the form 
of strands which encircle the cell, sdmetimes passing 
round for a considerable distance. These appear­
ances I have already referred to in the menstruating 
mucous membrane of the uterus.
In that region they were seen, as here, to be as­
sociated with an escape of fluid from the vessel 
lumen into the tissue spaces.
This hydropic distension of the cells is 
sooner or later followed by an escape of the con­
tained fluid into the region immediately underlying. 
This would seem to be preceded in most cases by a 
disappearance or rupture of the intervening sheet of 
cell substance. It would seem not unlikely that, 
after the distension has occurred to a certain ex­
tent, the intra-cellular tension created will suffice 
to lead to a giving-way of the fine film, with an 
escape of the fluid. In some cases it is possible 
to recognise what appear to be the severed edges of 
this sheet. In figure 68 is shown a vessel in 
which there has been an escape of fluid from the 
region of the endothelial cell into the inner part 
of the wall. How far the distension of the cell 
can take place without a separation of the cell 
boundary it is difficult to say. In some specimens 
this/
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this would, at first sight, appear to be very great 
indeed ( P3.ate IX. ). in these eases, however, it 
is more likely that what apparently looks like the 
boundary of a largely distended cell is, in reality, 
formed of the rounded wall of a space formed in 
the surrounding tissue. It is often seen that the 
fine partitions intervening between the contiguous, 
distended endothelial cells disappear, and in this 
way a track filled with fluid of varying lengths 
may be formed.
For the most part it may be stated that 
this alteration in the endothelial lining of the 
vessels is the more evident the better supported 
and therefore, the more immune to the fluid escape, 
is the condition of the outer part of the vessel 
wall. Conversely,with the teasing out of the ad­
jacent part of the vessel wall there is apt to be 
an obscuring of the true nature of the process at 
work. Where the intra-or extra-cellular fluid 
accumulation has involved the innermost part of the 
vessel wall it may be taken as an indication of a 
process associated with an oedematous escape of 
fluid from the vessels. This point will be more 
particularly discussed in a subsequent section on 




In the second stage of the arbitrary 
division, which we made for the purpose of facili­
tating the description of the process, the condition 
which we have seen present in the innermost region 
of the vessel wall, has spread to the extent of in­
volving its entire thickness. Here the oedematous 
infiltration of the vessel is represented by the 
presence of a large number of fluid tracks, which 
on section, often again look like vacuoles occupied 
by clear fluid. These spaces can often be recog­
nised to be in direct continuity with those under 
the endothelial layer, and they can likewise often 
be traced directly into the peri-vascular tissues of 
the tube wall. In figures 63 & 97 are represented 
vessel walls exhibiting this later stage. In 
figure 65 in which such a fluid track has been 
exposed throughout its entire length in the section, 
the wall is seen to be channelled from the region of 
the sub-endothelial space right into the surrounding 
part of the tube wall, the tissues of which are 
ploughed up by a watery exudate. In all the speci­
mens belonging to this stage there is still, however, 
no complete breach in continuity in the course of 
the/
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the vessel wall, and whilst the change is associated 
with an increased fluid escape into the neighbouring 
tissues the teasing apart of the wall has as yet not 
taken place to the extent of permitting an escape 
of the corpuscular elements of the blood. The ex­
tent to which this oedematous softening of the 
vessel wall can occur, short of the occurrence of 
a complete breach, varies within wide limits in 
different vessels of the same thickness. In some 
cases it is indicated by a number of small vacuo­
lated spaces scattered irregularly throughout the 
wall. This condition is seen in figures 60, & 63.
In other specimens, on the other hand, the vessel 
wall is pervaded and, in some instances, almost 
completely replaced by spaces, which by their con­
fluence have led to the production of fluid cavities 
of large size. Such a condition is well shown in
figures 65,68. As a general rule it may be stated
that, in vessels of the same thickness, these struc­
tural changes are more evident the nearer the vessels 
are situated to the developing ovum. It may, also, 
be laid down as a general rule that in the vessels 
taken from the same pregnant tube and at the same 
distance from the ovum, the degree of involvement of 
their/
their walls in the process is inversely proportional 
to their thickness. A remarkable and, at the same 
time, an important reservation must be made, however, 
in the case of vessels whose walls are the seat of 
a definite decidual enlargement of the cells. In 
this case the decidual formation appears to consti­
tute a barrier which prevents the fluid escape to 
the degree in which it is exhibited by the vessels 
in which the change is absent. In figures 
are shown sections of vessels presenting a decidua­
like formation in their walls, and it is to be seen 
that the changes described are, if present at all, 
exhibited only in a comparatively minor degree.
These facts, and their relation to the question of 
the function of decidual cells, will be fully dis­
cussed in a subsequent part of this work.
We have already seen that, in the fluid 
infiltration of the innermost portion of the vessel 
wall, we are compelled to invoke some explanation 
other than a mere mechanical separation of the ele­
ments forming the wall, or a transudation from a 
region of higher to one of lower fluid pressure.
This conclusion was suggested and substantiated by 




Prom the detailed description just recorded of the 
changes as they advance outward to involve the other 
parts of the vessel it would seem that sufficient 
has been said to warrant the conclusion that, here 
again, the same process has been in operation. That 
the separation and spreading apart of the structures 
forming the degenerated vessel wall is not due to a 
merely mechanical influence is strongly indicated 
by the fact that the results, as evidenced by the 
histological findings, coincide in every respect 
with those already noted in connection with the en­
dothelial and immediately sub-endothelial part of 
the vessel. If further proof of this contention 
were necessary it is derived from the fact that, here 
again, the fluid contained in the tracks channelling 
the vessel wall must be under a tension actually 
higher than that in existence in the vessel lumen.
Phis is demonstrated by the fact that +hese fluid 
spaces or channels are seen to be in direct continuity 
with similar spaces, in which the fluid has collected 
under, and led to an inward projection of the endoth­
elial cells. (Plate IX). A demonstration, moreover, 
of the fact which is furnished by a number of my 
specimens, namely that the tracks of the 
oedematous escape, where it leads to a 
ploughing/
structure and position of the endothelial cells.
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ploughing up of the surrounding tissues is in direct 
structural continuity with such endothelial spaces, 
would indicate that in the transference of the fluid 
from the vessel lumen to the tissues there must he 
in operation some force of a potent nature. We 
have already excluded changes in the composition or 
the pressure of the blood as the causal agent, and 
we are thus reduced, in our quest after the secret, 
to some alterations in the tissue activity of the 
structures of the vessel wall or the surrounding part 
of the tube.
In some of the vessels still situated at 
a distance from the actual site of the cellular in­
vasion of the tubal wall by the foetal trophoblast, 
the process described in the foregoing pages has 
advanced to the extent of resulting in a wholesale 
crumbling and solution of the vessel wall and the 
creation of gaps leading to the establishment of an 
uninterrupted communication between the vessel lumen 
and the surrounding tissue spaces. In such cases 
there is present a wholesale extravasation of blood 
corpuscles into the perivascular tissues ( Figures28,5f). 
It is noticeable that this blood escape from the 
thicfc-walled vessels has occurred to any considerable 
degree only in the proximity of those vessels where 
the/
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the fluid infiltration has led to the production of 
a breach in the vascular wall. There is often de­
tected, however, a certain amount of blood escape 
into the vessel wall and the surrounding tissues 
even in the case of those vessels where the teasing 
asunder has not taXen place to this excessive degree. 
Red cells, singly or in small numbers are often seen 
lying immediately under a detached endothelium or in 
the clear tracxs which canalise the vessel wall, 
the endothelium of which is, in some oases, perfectly 
retained. It sometimes looXs as if the red cells 
have actually passed into the interior of a vacuo­
lated endothelial cell. These appearances suggest 
strongly that there may be a certain amount of blood 
escape from the vessel lumen even in the absence of 
a demonstrable tracX leading from the interior of 
the vessel. It would seem obvious that the escape 
of the more solid constituents of the blood necessi­
tates a certain degree, however small, of separation 
of the cellular elements of the vessel lining. It is 
possible, where these are not detectable by the 
microscope, either that the spaces left are too small 
to be recognised, or that they have closed in again 
after the passage of the corpuscles, in a manner 
something/
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something similar to that which is supposed to occur 
during the process of phagocytosis.
In the case of the thicfcer-walled vessels 
how is the complete communication between the lumen 
and the surrounding tissue finally established? We 
have been able to follow with a considerable degree 
of precision the manner in which the sub-endothelial 
region is brought into communication with the outer 
tissue spaces. The completion of the process is a 
little more difficult to understand. In some 
cases, even at an early stage of the hydropic in­
filtration of the vessel wall, the endothelial cells 
are detached from one another or they are seen to be 
lifted up completely from the underlying tissues. In 
such vessels the continuation of the process, in the 
way in which we have described it, will eventually 
result in the complete detachment of the endothelium 
and the production of a complete gap in the vessel 
boundary. In some vessels, however, the endothelium 
may be retained even at a late stage of the process 
(Figure 63 ). How, in such a case does the parti­
tion still remaining between vessel lumen and tissue, 
in the form of the endothelial lining become disposed 
of? It is obvious that an increase in the tension 
of the escaping fluid may suffice to completely de­
tach/
detach the endothelial cells. In other cases the 
degenerative processes which have preceded, or are 
progressing pari passu with ,the other changes in the 
vessel wall, may determine a softening and dis­
appearance of the endothelial remnants.
!That even the comparatively small addi­
tional force necessary to displace the fine lamella 
of vessel wall still persisting is not derived from 
the intra-vascular tension is suggested by a study 
of figures ^  and 9? when it is seen that in a 
part of the vessel wall, which lies immediately ad­
jacent to a region of complete separation, there is 
still present an inward projection of the fine 
endothelial layer. However accomplished the estab­
lishment of a complete and uninterrupted connection 
between lumen and tissue, permitting of a wholesale 
escape of all the constituents of the blood, would 
seem to be an inevitable consequence of a steadily 
increasing involvement of the vessel wall by the pro­
cess which we have described.
From what has been already said it will 
be easily recognised that the degree in which differ­
ent vessels, and different parts in the course of the 
same vessel, exhibit the changes, varies within wide 




the earliest stages, in which on 13'- the innermost 
part is affected., one usually/ encounters a wide­
spread fluid infiltration of the vessel wall. This 
may manifest itself in the existence of a large num­
ber of small fluid vacuoles or spaces scattered ir­
regularly throughout, or it may, whilst involving 
the whole wall to some extent, have become more 
concentrated at one part with the production of al­
most a complete channelling of the wall (Figure 63 ). 
In other cases this condition is present at two or 
more places, whilst, in still other specimens, 
there has been a wholesale spreading apart of the 
structures round the entire vessel circumference 
(Figure 96 )• This constitutes the stage which
immediately precedes the stage of complete loosening 
and gaping, associated with an extensive flushing 
of the surrounding tissues with the liberated blood.
In all my specimens of tubal pregnancy, 
in which the chorionic cells were found to be well 
preserved at the time of examination, the changes 
above recorded were detected in the vessels. The 
degree in which the tubal wall is involved in the 
process would seem to be for the most part propor­
tional to the size of the engrafted ovum. The dis­
tance along the tube to which the structural altera­
tions have extended is amallest in the youngest 
specimen/
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specimen of the series, and is greatest in the oldest 
specimen» In one of the older specimens, in which 
the pregnancy has occurred in the ampullery part 
of the tube, the softening and dropsical infiltration 
and detachment of the vessel walls is present to a 
marked degree even in the thick-walled vessels to­
wards the inner end of the tube. (Figure 96 & Plate 
XII ).
The description of the vascular changes 
hitherto recorded has more especially dealt with the 
thicker-walled vessels, in which the more rigid walls 
have resisted the process to a greater degree than 
the thin yielding walls of the smaller vessels.
This resistance to the influence conspiring to 
detach the structures of the vessel wall, has, in the 
case of the thicker vessel, forced, as it were, the 
process into prominence and has presented to us 
evidence of a more legible nature in our attempt to 
decipher the secret underlying the manner in which 
the growing ovum is furnished with the supply of 
maternal blood (of menstruation). In regard to the 
smaller vessels we shall have to study, and en­
deavour to explain, some rather remarkable changes 
which they exhibit. In the meantime it may be 
stated that in the case of these the fluid rexudation 
and/
207.
and blood extravasation have occurred in the same 
way and are, on the whole, more evident than in the 
thicker-called vessels at the same distance from the 
embryo. (68-71).
It is by the process described that the 
gross vascular changes in the proximity of the ovum 
are produced, changes which I referred to at the 
commencement of this discussion. The softening 
and separation of the wall with the subsequent in­
crease in the diameter of the vessels in this region 
would seem to be entirely dependent on changes of 
this nature. The fact that the process can be 
traced with accuracy through all the stages, from the 
dropsical infiltration of the innermost part of the 
vessel wall up to a complete severance of the con­
stituent elements by the same means, would seem to 
prove beyond doubt that the gross structural altera­
tions detected in the neighbourhood of the chorionic 
cells must be attributed to some influence other 
than a mere mechanical giving-way of softened boun­
daries before an enhanced blood pressure. The 
changes present are much more complex and are as­
sociated, rather, with some structural alterations, 
which enable the tissues of the vessel wall or the 
surrounding/
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surrounding area to pass on or imbibe the fluid from 
th© blood. The tissues, in other words, assume an 
active part in the fluid escape, and are not merely 
in the condition of a medium exhibiting a passive 
outward displacement. A recognition of this fact 
alone suffices to explain the conditions encountered. 
Dependent, as they must be, on some influence emana­
ting from the growing ovum, the vascular changes 
are most evident in the proximity of the foetal 
elements, where this influence, of whatever a nature 
it may be, is most felt. As this foetal stimulus 
gradually extends the sphere of its activity, more 
and more distant regions of the tubal wall come 
successively under its sway, the changes gradually 
diminishing in intensity as the region of the ovum 
is left behind, -until ultimately they completely fade 
away. These facts would suggest that the embryonic 
influence may be of a chemical nature, perhaps of 
the order of an enzyme. This point will be discussed 
more in detail in a subsequent section of this re­
search.
In this place it must be recalled that 
the exact nature of the process, by which the whole­
sale gaping of the vessels on the surface of the 
gestation/
gestation chamber occurs, is ,in this region, ob­
scured. often to an extent which renders it unrecog­
nisable. This is due to the excessive degree to 
which, in this region, the degenerative processes 
have advanced. In this location the vessel walls 
and. the surrounding tissue are often represented by 
a structureless, fibrinous material, richly sprinkled 
with blood corpuscles, ( Plater VII & Y i n ) it is interest­
ing, however, to note that traces of the process can 
be detected even here. The degree of opening up of 
the vessels bordering on the intervillous space 
varies from an extensive gaping of the wall to a 
condition in which there is still left a considerable 
interval of the degenerating tube between the blood 
lumen and the intervillous space. Even in the latter 
case there is seen to be a wholesale exodus of the 
contained blood into the surrounding tissues with a 
coincident teasing asunder of the vessel boundaries. 
The consequence of this is that the vessel, as it 
were, invades the neighbouring territory and advances 
to join the large blood track. The penultimate 
stage of this process is demonstrated in Plate VII 
where there is left between the lumen of one of the 
vessels and the blood lake only a fine sheet through
which the blood, is streaming into the foetal chamber. 
It is interesting to note that even in this greatly 
degenerated region of the tube wall there are still 
present large numbers of well-preserved nuclei, 
which, in all probability, correspond to connective 
tissue cells, which resist the degenerative influence 
to a remarkable degree. In the changes which these 
cells exhibit there is evidence that they are acting 
in such a manner as to lead to an imbibition of fluid 
from the neighbouring blood tracks. This fact will 
be described in greater detail in a subsequent para­
graph .
The process underlying the teasing out of 
the walls of the maternal vessels, by means of 
which the growing ovum secures its supply of blood, 
we have seen is not amenable to a purely mechanical 
interpretation. It is dependent on a change of 
greater complexity than a mere giving way of soften­
ing walls with a squeezing out of the contained 
blood fluid and corpuscles. We have likewise ad­
duced evidence to prove the invalidity of the ortho­
dox belief that the necessary blood supply is procured 
by a destruction and displacement of the vessel walla 
by the locally invading chorionic cells. If these 
explanations/
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explanations fail to elucidate the factors in opera­
tion, what other process must, be invoked? Reference 
to the list of the possible agents responsible for 
an increased escape of fluid from vessel to tissue, 
reveals the fact that, having disposed of the hlood, 
our enquiry is now limited in the first place, to the 
endothelium and, in the next place to all the struc­
tures situated external to this.
SIGNIFICANCE OF THE ENDOTHELIAL CHANGES.
Can an altered activity on the part of 
the endothelial lining of the vessel alone suffice 
to explain the phenomena present, namely the dropsi­
cal infiltration and detachment of the vessel wall?
Can a selective or secretory action of the endothelium 
be entertained as, of itself, an adequate explana­
tion of the changes induced? The structural changes 
in the endothelial cells which we recorded in a 
previous section of this investigation might, at 
first sight, appear to afford an affirmative answer 
to this question. The process, in its incipient 
stages, is often associated with a fluid imbibition 
leading to a distension or vacuolation of the in­
dividual lining cells • This
change /
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change is to he considered., without doubt, as a 
precursor of the more marked subsequent fluid trans­
ferences . Is it to be regarded as bearing a cauaal
or merely an incidental relationship? That the
endothelial vacuolation, which is, almost doubtless, 
associated with the process underlying the oedematous 
escape, is probably to be looked upon as a degenera­
ting change, would seem to be indicated by the en­
suing cell changes which are detected. After a 
certain degree of distension is attained there occurs 
a separation of the cell wall with a consequent
amalgamation of the cell cavity with that of its
neighbour or the fluid space under the endothelium.
We have already seen that this disappearance or 
rupture, of the adjacent cell membranes may result 
in the production of a fluid track continued for a 
considerable distance along the vessel and represent­
ing the running together of the vacuolated cells.
In other words, the changes described correspond in 
every detail, with those found in the so-called 
Hydropic Degeneration of tissues. The fluid con­
tained in the spaces thus created towards the en­
dothelial aspect of the vessel is under a tension 
higher than that existing in the vessel interior.
If it be maintained that these changes do not per se 
contra-indicate the existence of a specific secretory 
faculty on the part of the endothelial cells, it 
must, I think, be freely admitted that the force 
exercised by the escaping fluid, which such an action 
might transfer from vessel to tissue, must be in­
adequate to determine the drastic changes present.
It is inconceivable that the tension of the fluid, 
which the cells might secrete, would be alone suf­
ficiently great to lead to the wholesale detachment 
and teasing out of the structures which occur even 
in a thick-walled vessel, and at the same time 
plough up the adjoining tissues.
That the oedematous softening of the 
vessel walls is not due to an increased endothelial 
activity, is proved, in addition, by the fact that 
the changes are present even in the cases where the 
endothelium has been detached. But, it may be 
urged, is it not possible that in these vessels the 
oedematous infiltration, which has been inaugurated 
by the activity of the endothelium, may, subsequent 
to its removal, be carried on by a mechanical open­
ing out 0f the wall by the liberated blood? It may 
be asserted that now we have lost the clue, in the
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shape of the projection of the endothelium into the 
vessel lumen, which could he explained only by 
assuming the existence of some cellular or tissue 
activity causing the fluid escape. This objection, 
which, at first sight, seems difficult to meet, is 
easily disposed of by the fact, which we have already 
noted, that the blood pressure must be considered to 
provide a factor, which, if not quite negligible, is 
cert a inis'- of minor importance in causing a separation 
of the elements of the vessel wall. We have already 
referred to the observation that even in a large sized 
and thick-walled vessel, where the fluid infiltration 
of the wall has been associated with a detachment 
of all the structures save the endothelial layer, 
the very fine film left behind is sufficient to re­
sist the intra-vascular pressure. This point is 
well demonstrated in figures 63 and 97.
That the vacuolation of the endothelial 
cells is to be looked upon, not as an indication of 
an activity of cells specially differentiated for a 
secretory function, but, rather, as a condition 
merely incidental to the changes which are associated 
with the oedematous escape, is demonstrated by the 
discovery of an exactly similar phenomenon in the 
connective/
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connective tissue cells of the vessel wall and the 
surrounding area of the tube through which they 
course. This remarkable condition, which has been 
merely touched on in a preceding section of this in­
vestigation , has been intentionally held over for 
a fuller discussion in the present place.
As already noted the presence of a de­
veloping ovum in the tubal wall is associated with 
a degeneration of the muscular fibres. This is 
most evident in the immediate vicinity of the foetal 
structures and is, on the whole, the more wide-spread 
throughout the tubal wall, the older the embryo.
In its earliest stages these changes consist in a 
swelling of the substance and nuclei of the fibres 
with a coincident diminution in their staining 
powers. With an advance of the process, the cell 
boundaries become obscured and ultimately lost and 
the fibres fuse with one another to form a structure­
less fibrinous material. Pari passu with these 
changes there is a progressive disintegration and 
ultimate disappearance of the nuclei. These de­
generative alterations, though, by no means, confined 
to the proximity of the foetal elements, are here 
most evident. In some cases the uniformly stained, 
degenerated/
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degenerated, material on section exhibits under the 
microscope an appearance strongly suggestive of 
opaque glass. In my sections, these are the muscu­
lar changes invariably present; in none, even the 
youngest, is there any evidence of a muscular hy­
pertrophy such as is found in the uterus during 
pregnancy.
CHANGES IN THE CONNECTIVE TISSUE CELLS.
In marked contrast with these changes in 
the muscle is the condition of the connective tissue 
cells of the tubal wall. As has been already 
mentioned, scattered irregularly throughout the tube 
wall, the connective tissue cells have enlarged in 
a manner closely resembling the decidual increase 
in the stroma cells of the uterine mucous membrane. 
Even where this alteration has not occurred to 
such a definite extent, the connective tissue cells 
are, however, for the most part somewhat enlarged. 
But, what is even more characteristically detected, 
is the fact that the nuclei have preserved their 
structural appearances and staining properties, 
sometimes/
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sometimes to a degree almost complete, and this 
even in these regions where the muscular disintegra­
tion has occurred, to the most marked degree. This 
observation which I have been able to note in all 
my specimens, which are sufficiently well preserved 
for a satisfactory histological study, would in­
dicate thatfin their re-action to the foetal cells, 
whatever this may be, the two main structural con­
stituents of the tube wall, namely the muscle cell 
and connective tissue cell, exhibit markedly varying 
degrees of resistance. Whilst the former quickly 
undergoes a progressive disintegration and ultimately 
becomes unrecognisable as such, the latter tends to 
persist and often preserves its identity throughout. 
In figure 53 are seen vessels embedded in a medium 
composed of degenerated muscle; the surrounding con­
nective cells are secn to be wonderfully well preserved.
But there is, in relation to the con­
nective tissue cells, another fact of great impor­
tance, and one which especially interests us at 
present in our endeavour to show that the histolo­
gical changes, which we encountered in the endothe­
lial cells, are not to be looked upon as indicating 
changes necessarily dependent on a specific secretory 
function./
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function. This fact is found in the observation 
that the fluid imbibition and swelling of the cells 
lining the vessels to which attention was directed 
on a preceding page, are exhibited in precisely a 
similar way by the connective tissue elements. In 
all my specimens there is evident a marked degree of 
fluid imbibition by and distension of the connective 
tissue cells in the tubal wall. In some sections 
this condition is exhibited by the majority of these 
cells, in other regions it is present only to a 
minor degree. It is invariably detected in the 
connective tissue cells in the proximity of the 
ovum, where the tissues are markedly infiltrated with 
a fluid exudate; so also in the oedematous tracks 
round and in the walls of softening vessels. Even 
in the extremely degenerated structures immediately 
bordering on the intervillous space the process is 
often well marked. It is always visible throughout 
the tube at a long distance from the foetal structures.
The description of the process as detect­
ed in the endothelial cells applies with equal 
force to the changes exhibited in the connective 
tissue cells. The affected cell becomes swollen up 
with a clear fluid, the cell substance becoming 
displaced/
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displaced to the periphery of the cell, often as a 
fine film, which, in well preserved specimens, is 
often easily seen. The appearances produced by the 
cellular changes are many and various. The vacuoles 
may be small or large. In the former case the cell 
substance is seen as a distinct envelope round the 
imbibed fluid, in the latter case the cytoplasm may 
be represented by a mere film, which in soma cases 
has disappeared and the remaining portion of the 
cell or perhaps only the nucleus, appears to lie in 
a clear space in the tissue ( Figures 74,75,76). in 
some cases the resulting appearances might warrant 
the idea that the clear spaces have been produced by 
a shrinkage of the cells contained and that, in 
reality, the changes described are not dependent on 
an intra-celiular fluid collection. That this, how­
ever, is not the true explanation of the changes is 
proved without doubt, by the observation that it is 
often easy to trace, as already mentioned, the cell 
substance, as a complete envelope round the vacuole. 
Another appearance of interest and one which proves 
beyond cavil that the changes depicted are due to a 
fluid distension of the cell is seen in the fact, 
which we noted in connection with the changes ex­
hibited by the endothelial cells, that the chromatin 
substance/
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substance of the nucleus is often observed to be 
stretched round the intra-cellular accumulation some­
times being drawn out as fine strands extending round 
a large part of the cell circumference.
The fluid vacuoles are, for the most part, 
chiefly disposed and reach their largest size in the 
neighbourhood of the nucleus. Where the connective 
tissue cells are drawn out, and this is the shape 
mostly assumed by the altered cells the vacuolation, 
however, may be present at any part of the cell 
substance, even at a distance from the nucleus 
(Figure 74 ). This may be encountered even
in the fine filaments into which the cell substance 
is frequently drawn out. In these
cases the appearance produced is that of a beadlike 
swelling in the course of the cell. In such cases 
the main portion of the cell protoplasm is usually 
involved in the process. In other cases the entire, 
or the greater part of the length, of such an elon­
gated connective tissue cell is occupied by a drawn 
out, clear fluid track (Figure 76 ). in many 
cases it is easy to trace such a track without inter­
ruption into a corresponding space in an adjoining 
cell. The rationale of this is easily understood 
by/
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by the fact that the connective tissue cells are 
intimately connected, by means of protoplasmic out­
runners from their bodies, with adjacent cells.
This permits of the establishment by the fusion of 
vacuoles which develop in the intervening cell bridge, 
of a continuous fluid track extending from cell to 
cell. In some cases it is possible, in the same 
section, to trace such a oanal through three, four 
or even more cells. Where cells lie side by side, 
with their long axes more or less parallel, there 
may be a disappearance of the intervening cell walls, 
with the production of a fluid space lined by two 
cells, (piate XI )• This process may continue 
until ultimately a large oedematous space is formed 
which is lined by a considerable number of cells.
This process is easy to detect; its importance will 
be more fully related when we come to investigate 
the manner in which the sinus-like blood spaces are 
formed. When the vacuole of the cell reaches any 
size it is usual to find that the nucleus is drawn 
out and elongated in the direction of the long axis 
of the vacuole.
On Figures 76 and Plates X, XI are 
shown a few of the variagated changes in contour, some 
of them very bizarre in nature, which the cells 
may/
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may present as the result of this vacuolated con­
dition. Many of the appearances are artificial and 
are due to the direction in which the section has 
been carried across the cell. For example, where 
the cell is cut across transversely through the 
level of the nucleus, the well known Hsignet ring 
appearance" is produced. At one pole is the nucleus 
and extending round, and enclosing the fluid, there 
is the attenuated film formed of the displaced cell 
protoplasm. Again, where the vacuolated cell is 
cut across obliquely, the cell substance may appear 
to project as two horns from the end of the cell, 
which pass completely or only partly, round the 
clear space. In this case we obtain the appearance 
often seen in the typical fibroblas* (Plates X 
and XI ), in the vacuolated spaces of the con­
nective tissue cells, It is often possible to detect 
red blood corpuscles. This fact v/ill be more 
specially referred to in a section devoted to the 
description of new vessel formation as seen in the 
pregnant tube.
We have thus seen that the process of 
fluid imbibition, which is presented by the endothe­
lial cells, is exhibited in a manner almost precisely 
identical,/
identical, by the connective tissue cells of the 
tube wall. The appearances in each case correspond 
to the process of Hydropic Degeneration as seen in 
other tissues of the body.
We have seen that the fluid accumulation 
in the vessel walls, which usually commences on the 
internal aspect, and which, by its increase, ultimate­
ly results in a complete severance of the vessel 
confines, is determined by some tissue alteration 
which leads to an active fluid imbibition. The 
oedematous collection occurs under a hydrostatic 
pressure higher than that exerted by the blood against 
the vessel wall, and is so considerable as to lead, 
in many instances, to a detachment and projection 
into the vessel lumen of the inner layer or layers 
of the vessel wall. In the earliest stage it is 
represented by a fluid distension of the endothelial 
cells. The fluid thus confined within the indivi­
dual cells soon bursts its bounds and escapes, first 
into the next portion of the vessel wall, and thence 
through the succeeding layers till It ultimately 
reaches the surrounding tissues which become ploughed 
up in the process. In the involvement of the vessel 
wall, the process may be represented by the fluid 
spaces/
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spaces in the extra-cellular tissue, or it may, as in
the endothelial layer, be represented by a hydropic
(Figure 23)
accumulation actually in the connective tissue cells. 
The same applies to the surrounding tissues. When 
the loosening of the vessel wall has occurred to the 
extent of creating a complete breach in its con­
tinuity, and in the case of the thicker vessels, 
at any rate, not till then, we have an escape of the 
corpuscular elements of the blood into the surround­
ing tissues. It is important to note that, al­
though in the smaller vessels there may be the oc­
currence of an extensive perivascular haemorrhage 
before the surrounding tissues have been seriously 
involved in the oedematous escape, in the thick-walled 
vessels, on the other hand, there usually occurs a 
wholesale displacement of the surrounding tissues 
by a watery discharge before the blood cells leak 
out. In some cases the vessel may lie in a large 
clear space, formed by a wholesale displacement of 
the surrounding tubal tissues, and yet the loosen­
ing of the vessel wall has not taken place to the 
degree necessary before there can occur an escape of 
the red cells. (Figure 93 ).
We thus observe that the amount of the 
fluid escape varies within very wide limits. we
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have noted that in the vessel wall and in the sur­
rounding tissues it may be represented by small, 
clear spaces. From the smallest fluid accumulation 
we can distinguish all grades up to the very largest 
oedematous tracfcs in the tubal wall. It may be 
stated as a general law that in the same tube the 
fluid exodus is greatest in the immediate vicinity 
of the ovum. In different tubes, also, the con­
dition is greater, the greater the age of the ovum 
which is imbedded in the tubal wall.
To resume the argument, we have been en­
abled, as the result of the study of the histological 
changes present in the vessels and the tissues of 
the pregnant tube, to dispose, in the first place, 
of a direct, cellular trophoblastic invasion and, in 
the second place, of a softening and mechanical 
filtration or a mere passive displacement as explana­
tions of the manner in which the vessel walls become 
teased out and ultimately completely detached, per­
mitting of a free escape of the contained blood into 
the surrounding tissue spaces, or, in the case of 
the vessels immediately apposed to the gestation 
sac, into the intervillous space. We were then able 
to discover that a «vital” or secretory fluid trans­
mission on the part of the endothelial cells fails 
to explain all the phenomena, and we were reduced, 
in/
in our quest after the secret, to tissue changes as 
the only possible solution of the problem. We have 
seen that the fluid is drawn into the tissues where 
it accumulates under a tension greater than that in 
existence in the corresponding blood vessel. The 
tissue changes induced coincide with these which we 
associate with Hydropic Degeneration elsewhere.
SIGNIFICANCE OF TISSUE CHANGES IN THE PRODUC­
TION OF THE OEDEMA AND THE HAEMORRHAGE.
What conditions determine the accumulation 
of fluid in a cell or in tissues under a tension 
greater than i3 attributable to a mere passive es­
cape from the neighbouring blood tracks, from which 
the fluid is derived? If we turn for assistance 
in answering such a question to a modern text-book 
of pathology we shall gain some information of im­
portance. Adami (The Principles of Pathology, Vol. 
I, 1909) defines Hydropic Degeneration as "the ap­
pearance of definite vacuoles in the cytoplasm, con­
taining a watery fluid, which vacuoles may attain so 
great a size that the cell undergoing disorganisation 
bursts, and, with its neighbours, becomes represented
by/
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by- a vesicle visible to the naked eye”. In this 
description of the process we recognise a close re­
semblance to the changes which we have noted in the 
vessels and tissues of the pregnant tube. Adami 
goes on to say that "This rapid imbibition and ac­
cumulation in a cell can, upon physical grounds, 
have only one explanation. The constitution of 
cytoplasmic matter, as also of the nucleus, is 
colloidal, and colloidal membranes (for such we can 
regard the surface layers of cells) have characteris­
tic properties. They hinder the diffusion of crys­
talloid molecules to a considerable extent. Al­
though animal cells possess no well-formed outer 
membrane ( as do plant cells) we are led to believe 
that in animal cells a fine layer of similar nature 
acts physiologically as such a membrane. We, there­
fore, conclude that the essential cause of hydropic 
degeneration is some dissociation of the complex 
colloid material of the cytoplasm, whereby, either 
by cleavage or ionisation, crystalloid bodies make 
their appearance in the protoplasm. As an illus­
tration of conversions of this order, it may be noted 
that the peptones, leucin, tyrosin etc., which are 
the products of the breaking down of (colloidal) 
proteins, are of distinctly crystalloidal nature.
So/
228.
So long as such products are present within the cell 
body in greater concentration than they exist in 
the surrounding medium, there will be tendency to 
osmotic diffusion inward of watery fluid until such 
time as the osmotic pressure on the two sides of the 
membrane becomes equal. In other words, the cell 
swells up and becomes hydropic."
If the conclusion to which our investiga­
tions have carried us be correct, and I maintain 
that no other explanation accords with the ascer­
tained facts, we must look to some protoplasmic 
change similar in nature to that which is described 
in the above passage for the key with which to un­
lock the secret of the fluid transference from ves­
sel to tissue, as it is encountered in the pregnant 
tube. By this means, and by this means alone,can 
we satisfactorily explain the fluid imbibition and 
distension of the endothelial cells and of the con­
nective tissue cells, the first of which we invaria­
bly detect and the latter whenever the tissue de­
struction is not too extensive. By this means, we 
procure, further, an explanation of the fluid ac­
cumulations so richly scattered through the affected 
tube, where the condition is distinctly due to a 
bursting of the walls and amalgamation of such dis­
tended/
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distended cells. Does this factor, namely an os­
motic diffusion from a place of lower, to one of 
higher crystalloidal concentration, amply account for 
the fluid accumulations which so far as we can see 
are purely extra-cellular in their position and 
which in some instances attain huge dimensions?
Such a fluid collection we have described as frequent­
ly, especially in the early stage of the oedematous 
teasing out of the walls of a well supported vessel, 
leading to a wholesale floating-up and projection 
into the lumen of the endothelial sheet. This con­
dition is found especially in those vessels where 
the immediately adjacent portion is wholly, or only 
slightly involved in the process. The change in 
such a case, whilst in all probability initiated by 
an active accumulation in the individual endothelial 
cells, must, by the time it has reached this stage, 
be due to an oedematous collection, for the greater 
part, completely external to the cells and not to 
an amalgamation of a large number of cells each ex­
hibiting the change. What these appearances teach 
us is, that the osmotic transference of fluid can 
lead to the production of, and can occur into large 
spaces created in the tissues without the interven­
tion of obvious cellular changes. In this case 
the/
the oolloidal membrane necessary for the process has 
been furnished by the endothelial sheet. The only 
possible interpretation of the phenomena, then, is 
that into the tissues concerned there has occurred 
the passage of crystalloids which raise the osmotic 
pressure and determine the diffusion of the fluid ac- 
cross the endothelial layer into the sub-endothelial 
region. As we have repeatedly noted, this struc­
tural alteration in the vessel wall is rarely limited 
to its endothelial aspect. In most cases it is 
quickly followed by a similar oedematous accumulation 
into the immediately external part of the wall, which 
in many instances, is separated by a fine tissue par­
tition from the inner fluid distended space. This 
film of tissue intervening between the two dropsical 
cavities, which, in many cases, is in the pregnant 
tube nothing more than a greatly degenerated portion 
of the vessel wall, appears to act, like the better 
preserved endothelial sheet, in the capacity of a 
colloidal membrane, which, while retaining the crys­
talloids, determines the diffusion of fluid from one 
space to the other. In such a case, again, the pro­
cess would seem to have occurred without the medium 
of an actual intracellular accumulation. The tissues
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themselves are charged with crystalloids which lead 
to an elevation in the osmotic tension. In this 
case we have again to deal with a passage of fluid 
from one region of lower to another of greater os­
motic pressure. And so on the process extends till, 
even in the case of a thick-walled vessel, the en­
tire wall becomes teased out, and the surrounding 
tissues become directly involved.That an explanation 
of this nature, namely a continual osmotic stream 
from a location of lower, to one of higher crystalloi­
dal concentration, must be the true one is evidenced 
by the fact that where the tracks thus successively 
created become continuous by a disappearance of the 
intervening colloidal partitions the contained fluid 
is seen to be under a tension in excess of that exer­
ted by the lateral pressure of the blood in the 
corresponding vessel. This fact we have conclusively 
demonstrated in a preceding part of this research.
The manner in which the colloidal par­
titions give way is intimately bound up with one of 
the most characteristic vessel and tissue changes 
detected in the pregnant tube. Y/e have already ob­
served that in addition to mere displacement of tissue 
there has occurred in many places a marked solution
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of tissues. This especially involves the degenera­
ting muscle, in which one can often see a wholesale 
disappearance of the muscle fibres, which apparently 
become transformed en masse into soluble ingredients 
which pass into solution in the fluid absorbed.
The fluid escape from the vessels does 
not always follow on lines associated with such gross 
microscopic changes as those described above. In 
Plate IX is represented a fine walled vessel from 
which there is occurring this dropsical infiltration. 
On the inner aspect we see the hydropic changes in 
the endothelium, to which we have frequently referred. 
The fluid imbibition has here and there round the 
vessel circumference led to a detachment and bulging 
of several of the lining cells towards the lumen.
The underlying fluid accumulation is well seen on the 
lower aspect of the plate. That this has been 
formed by an osmotic diffusion through the endothe­
lial sheet must, I think, be freely admitted. Besides 
the definite evidences of the osmotic interchange as 
demonstrated by the endothelial vacuolation and the 
sub-endothelial spaces the immediately subjacent part 
of the tube, which, in this case is formed, not by 
the structures of the vessel, which is possessed of 
only an endothelial layer, but by the tissues of the 
tubal wall, is seen to be thickly studded with clear 
spaces/
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spaces of varying size. The fact that these spaces 
can often and with ease he traced directly into the 
sub-endothelial region proves beyond a doubt that 
their contained fluid has accumulated under a tension 
considerably greater than that of the intra-vascular 
pressure. In other words we learn that the passage 
of the fluid into the tissues of the tubal wall is 
established by a process of imbibition and must be 
dependent, as before, on some tissue changes. The 
exact nature of these changes is still beyond our 
grasp, but from their effects we must assume that they 
are associated with a liberation of crystalloids by 
means of which there ensues an elevation of the os­
motic pressure of the tissues.
The giving way of the tissue partitions 
between the fluids in two spaces formed in the above- 
mentioned way, may be explained by purely mechanical 
Influences. As can easily be understood, the fluid 
in its passage across the membrane may accumulate 
in one of the cavities to such an extent as to thin 
out and rupture the intervening septum. When this 
occurs the osmotic stream between the two regions 
must, of necessity, cease. Into the common space 
thus produced, in which the crystalloidal content 
may/
may be still high, there may, however, be further 
diffusion of fluid from a region of greater dilution 
e.g. the blood. Whilst such a mechanism would fur­
nish an explanation of the disappearance of the inter­
vening septum it is possible that the real explana­
tion is to be found in the structural nature of the 
partition. This is not, as in the case of the 
colloidal membrane employed in experimental research, 
a structure which remains unchanged except for the 
mechanical displacement which it exhibits when the 
tension on one side exceeds that on the other, and 
which, when this pressure discrepancy is sufficiently 
great, might- be conceived to rupture. In the case 
at present under discussion, we are dealing with a 
tissue which can itself become teased out and dis­
appear in response to the same process which has de­
termined the fluid transference through it. If we 
can assume, which I think is not unreasonable, that 
the tissues within a small area are charged to a like 
degree with crystalloids liberated by protoplasmic 
changes induced by the chorionic activity, we can see 
that a continual passage of fluid from lower to higher 
osmotic levels is efficiently maintained until the 
tissues are saturated.. For the portion first in­




in proportion to the amount of fluid entering and 
this establishes a pressure discrepancy between it 
and the adjacent tissues which determines a diffusion 
across the colloidal membrane and so on till large 
oedematous areas are produced. The fluid tracks 
thus produced gradually, and more or loss uniformly, 
widen their circumference, the increasing fluid 
necessary for the process being derived from the 
blood stream, which is depleted to a corresponding 
extent.
As we have seen the above process results, 
in many cases, in a wholesale opening out of the 
structures forming the vessel wall, and this, even in 
those cases, where this is thick and well-supported. 
Whilst these changes are most manifest in the vicinity 
of the chorionic structures they are nevertheless 
still evident, and in the case of the older embryos, 
often to a marked degree, at a distance from the ovum 
bed. In one case the changes were detected in 
large thick-walled vessels towards the inner end of 
the tube which contained a growing ovum in the am- 
pullary portion. For an escape of the corpuscular 
elements of the blood into the vessel wall and thence 
into the neighbouring tissues a complete and con­
tinuous channel connecting vessel lumen and tissue 
spaces/
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spaces is essential. The mode in which the exodus 
of the solid constituents of the hlood is carried 
out will be discussed more fully in a later section.
The description of the manner in which the 
dropsical infiltration of the vessel walls occurs 
applies with equal force to the way in which the 
tissues become opened, out, sometimes to the extent of 
creating large oederaatous tracks. It is often 
possible to recognise, before the inner part of the 
vessel walls have given way, that the fluid which has 
thus accumulated in the tissues is under a pressure 
greater than in existence in the vessel lumen. This 
is demonstrated by the fact that we are able to trace, 
in many cases, a continued track leading from an un­
broken endothelial layer, which has been bulged to­
wards the vessel lumen, through the vessel wall and 
thence into the surrounding affected tissues. To my 
mind this observation is amenable to one explanation 
and to one explanation onli', namely that the fluid 
has escaped, not by a mechanical transudation through 
the vessel wall, but by an alteration in the tissues 
themselves of a nature which determines an increase 
in the osmotic tension and an osmotic diffusion through 
the vessel walls. This, in all likelihood, is, as 
in the case of the vessel walls, dependent on a 
change/
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change in the protoplasm of the tissue cells which 
results in a liberation of crystalloids. it seems 
to me, in addition,that the displacement of tissue, 
which occurs in the tube during pregnancy is too ex­
treme in degree to be attributed to a mere mechanical 
infiltration of fluid through the vessel walls. It 
is often possible to recognise a wholesale displace­
ment and separation of the muscular tissue of the tuba 
wall even when the bundles exhibit little evidence 
of degenerative softening. The fact, moreover, that 
even where the process has resulted in a complete 
teasing apart of the vessel wall, the fine, endothe­
lial pellicle may remain perfectly intact, would tend 
to indicate that intra-vascular pressure plays a very 
unimportant part in the production of the changes en­
countered. In the case of the vessel where there is 
produced clear tracks from endothelium to tissue the 
osmotic flow may have been a gradual one, first 
through vessel wall with a successive detachment and 
separation of the tissues, which have in their turn 
acted the role of colloidal membranes, until ultimate­
ly the fluid, still diffusing into realms of increas­
ingly high osmotic tension reaches the surrounding 
tissues, where the same process proceeds. Here it 
may/
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may progress to the extent of completely separating 
the vessel from the neighbouring structures. This, 
as has already been mentioned, is rendered the easier 
by the softening and degeneration of the tissues 
which occurs in the pregnant state. In fact, as 
will subsequently be pointed out it is, in all 
probability, the degenerative changes in the tissue 
protoplasm which results in the liberation of the 
crystalloids and thence determines the occuri’ence of 
the phenomena.
Whilst it is easy to trace the various 
steps in the process Just described by which the 
osmotic stream traverses the vessel wall in its 
passage to the tissues, it would seem that this de­
scription does not embrace all the facts. In the 
above-noted process it was observed that the fluid 
leaks by well-defined stages through the vessel wall, 
each part of which after assuming in its turn the 
function of the colloidal membrane gives way and a 
track is thus produced by the gradual teasing out 
of the wall, which conveys the fluid to the tissue. 
This channel may be complete or it may be interrupted 
by parts of the vessel wall which persist. In other 
cases, however, there may be a wholesale escape of 
fluid through a vessel which exhibits the above 
changes /
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changes in onl3r a very small degree or not at all.
In such a condition, which is usually associated with 
a well supported wall the structures of which are 
too closelyknit together to become detached in the 
above manner, the entire thickness of the wall has 
functioned as the colloidal membrane, separating the 
fluid of comparatively low osmotic tension (the blood) 
from the regions of high crystalloidal concentration. 
In such a case the conditions, although identical in 
their fundamental nature with the above-mentioned 
process, conform more closely to the conditions in 
which the phenomena of osmosis are studied in vitro, 
the thick-walled vessel in this case corresponding 
to the animal membrane employed for the experiments.
In the above description of the phenomena 
which are detected in the pregnant tube, an attempt 
is made to indicate that the true explanation of the 
fluid transference, and the changes which this in­
duces, must be dependent on alterations in the normal 
osmotic conditions present in the tubal wall. It 
will be noted that our interpretation of the pheno­
mena has been necessarily proscribed within the limits 
defined by the most recent investigations into the 
laws of osmosis and diffusion. I contend that the 
facts/
facts acquired, demand, and are only embraced by, an 
explanation of such a nature. It seems not un­
likely, however, that with an increase in our know­
ledge concerning the laws of osmosis as they apply to 
the living tissue, the explanation advanced above 
will require some, and in all probability, consider­
able re-adjustment. More recent research would 
tend to indicate that the conception, which we have 
derived from experimental investigations, that os­
mosis consists in the diffusion of fluid across a 
definite and unchanging colloidal membrane into a 
space containing a simple solution of crystalloids, 
must be modified when applied to living matter. In
a recent article on the "Equilibrium of Colloid and(14)
Crystalloid in Living Cells", Benjamin Moore says:- 
"The whole chemical structure of the cell and that 
part of it which is physiologically active is the 
osmotic machine, and needs no membrane peiroeable or 
impermeable in order to exhibit the usual osmotic 
phenomena of shrinking or swelling, leading finally
to disruption................. in all cases the
nature of the bioplasm is so differentiated chemi­
cally as to form a dividing surface readily permeable 
to the solvent, and this is all that is required, in 
addition/
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addition to the varying unions or holding powers be­
tween the cell colloids and crystalloids, to estab­
lish an osmotic cell. As an example of what is 
meant here we may instance the swelling of fibrin, 
connective tissue, and gelatine under the imbibition 
of water. Between gelatine and water there is no 
structural membrane with semi-permeable pores, yet 
the gelatine takes in water in a truly osmotic fashion, 
and the pressure developed, if the swelling and up­
take of water are resisted, is very high”. If 
instead of the idea which demands the existence of a 
definite colloidal membrane ”we take the view, which 
is supported by experimental facts, that the bioplasm 
holds the crystalloids in loose union in the cell, so 
that they cannot for the time escape or diffuse out, 
and yet admits of a degree of molecular freedom to 
the crystalloids, so that they still attract water 
molecules by residual affinity, then we arrive at a 
conception which is capable of linking together the 
osmotic properties of the cell, not merely in a 
statical but in a dynamic way, and gives a basis for 
understanding the variations in osmotic effects 
which accompany cell activities from one phase to 
another". Such an interpretation is essential to 
explain/
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explain on a physical basis the phenomena of secretion 
and excretion, in each of which osmosis and diffusion 
play a prominent part. The vague terms in which 
the above attempted description of the phenomena is 
couched, although leaving no room for doubt that in 
the activities of cell protoplasm osmotic influences 
take a prominent share, yet indicate that we must 
trust to the further work of investigators on the 
subject to furnish us with the key to the problems 
concerned.
One point especially demands further 
study, namely the exact manner in which the osmotic 
relations of the tissues are altered by degenerative 
changes in the cell protoplasm, such as that induced 
throughout a large extent of tie tubal wall in the 
case of a pregnancy in that region. Whilst we have 
seen that,in many places, osmotic phenomena as seen 
in the fluid imbibition and distension of the cells 
accord with the well known effects of this process 
in other regions, we have been compelled to intro­
duce a similar explanation to meet the changes in­
duced in the parts of the wall where the cellular 
characters are lost, and where the tissues are in many 
instances, represented by a homogeneous fibrinous 
material. It would seem not unlikely that, under the 
chorionic/
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chorionic influence, the degenerative changes ex­
hibited by the more susceptibel elements of the tubal 
wall, and this as we have seen, applies to the mus­
cular tissue, have been associated with a liberation 
of crystalloids in a way differing, not so much in 
nature as in degree,from the more resistant endothe­
lial and connective tissue elements, in which we have
seen that osmotic phenomena have entered chiefly in*
the production of the changes to which they are sub­
ject. In a subsequent section of this research de­
voted to the study of the changes induced in the wall 
of the uterus by chorion-epitheliomatous masses I 
shall demonstrate that in the degenerating muscular 
tissue there is indisputable evidence of an active 
fluid imbibition such as probably occurs in the 
pregnant tube. (PlateXVIl). We have seen that 
throughout the pregnant tube the endothelial and the 
connective tissue cells are greedily imbibing fluid 
from the blood tracks, and this last observation 
would indicate that the only other structural element 
of importance, namely the muscle, is in all likeli­
hood undergoing the same change.
In this connection it is interesting to 
note that recent research into the activities of the 
placenta would seem to have demonstrated the existence 
amongst others, of a proteolytic ferment, which leads
to //
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to the conversion of proteins to peptones. The 
importance of this in relation to the present re­
search is that we have an experimental explanation of 
the changes in the tissues v/hich our study of histo­
logical alterations has led us to adduce. This is 
found in the fact that the digestion of proteins re­
sults in a production of substances (peptones etc.) 
with an enhanced osmotic tension. Be this as it may, 
however, of one thing our researches leave us confi­
dent namely that to fully explain the way in which 
the vascular walls become teased asunder and ultimate­
ly gape, permitting, in the first place an escape of 
the watery constituents, and, in the second place of 
the corpuscular elements of the blood, we have per­
force to recognise a wide-spread elevation in the os­
motic tension of the tissues.
EXPLANATION OP THE BLOOD ESCAPE PROM 
THE VESSELS.
We have seen that an alteration in the 
tissue constitution and activity have, by leading to 
a liberation of crystalloidal elements determined the 
occurrence/
245.
occurrence of an osmotic stream of the fluid part of 
the blood, through the vessel walls and into the 
neighbouring structures, a stream which often takes 
place to the extent of ploughing up large tracts of 
the tubal wall. We have indicated that the teasing 
apart of the vascular walls often, especially in the 
neighbourhood of the chorionic structures, results 
in the production of a breach or wholesale gaping 
through which there ensues an escape of the blood 
corpuscles. This change, we have also noted, is 
readily discovered in the wall of the pregnant tube, 
even at a considerable distance from the ovum. In 
the proximity of the gestation sac this process is, 
as we have seen, in all probability responsible for 
the opening of the maternal vessels into the inter­
villous space and the provision of a necessary blood 
supply for a developing foetus. Whilst most marked 
in the case of the smaller vessels, the blood es­
cape thus induced is, however, often detected in the 
thick-walled, vessels. In different parts of the 
same tube, like the dropsical infiltration, it is, 
on the whole, in amount inversely proportional to the 
distance from the site of the embryo. In different 
tubes, again, the degree in which the haemorrhage is 
encountered is, for the most part, proportional to 
the age of the ovum.
The/
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The mode in which the blood escape occurs 
is easily understood by recalling the way in which 
the oedematous infiltration results in a detachment 
of the structures forming the vessel walls. As we 
have seen this often occurs to the extent of producing 
a direct communication between vessel lumen and 
tissue spaces, along which these red blood corpuscles 
are streaming. If the process involves the entire 
circumference of the vessel wall, as is frequently 
the case in the immediate proximity of the inter­
villous space, there occurs a wholesale haemorrhage 
into the surrounding tissues,the corpuscles streaming 
out in all directions (Plates VII & VIII).The exact 
manner in which this occurs is not difficult to under­
stand in view of the previously recorded observations. 
On Plate IX.is shown a vessel at a little distance 
from the foetal elements, through the walls of which 
there is occurring a passage of fluid from lumen to 
tissue in the manner described in the preceding pages. 
This is occurring round the entire circumference of 
the vessel and has led to the production, in the wall 
and in the surrounding tissues, of fluid spaces and 
tracks. The vessel cavity Is still shut off by the 
presence of the uplifted endothelial layer. It is 
clear/
clear that the removal of this (and how this probably 
occurs I have already indicated) would result in a 
passage out of the red cells. If the fluid is still 
being drawn into the tissues by the osmotic changes, 
it is obvious that the red corpuscles will be dragged 
out just so far as the process of disintegration 
has led to the creation of an uninterrupted tissue 
track. That this does actually occur is demonstra­
ted by the discovery in the nearer proximity of the 
ovum of the corpuscular elements streaming into 
these tissue spaces.
Whilst it is easy to understand, in this 
way, the rationale of the blood escape into the im­
mediate proximity of the vessels, what factors are 
responsible for the transference of the blood elements 
into more distant regions of the tubal wall? As 
has already been mentioned, it is often possible to 
detect, especially in the neighbourhood of the ovum, 
a track of haemorrhage extending through the tubal 
wall for a long distance from a vessel. ( Plate VIII. ) 
There would seem to be two possible explanations of 
the manner in which this blood stream takes place.
In the first place it is possible that, subsequent 
to the teasing out of the tissues with the establish­
ment of a continuous track leading from the vessel 
interior,/
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interior, the stream is determined by the force which 
is responsible for the flow along the vessel under 
ordinary circumstances. In addition to this vis a 
tergo, however, it would seem highly probable that 
there enters into the process a vis a fronte. in the 
shape of the tissue changes which, as we have learnt, 
are drawing on the fluid from regions of lower to 
regions of higher osmotic pressure. The relative 
importance of these two factors we are unable to 
determine with accuracy, though it would seem highly 
probable, from the researches recorded in the preced­
ing pages, that the latter factor, namely that de­
pendent on the increase in the osmotic tension of 
the tissues, must assume a part of not inconsiderable 
importance. On the other hand, it is clear that, 
whilst it is feasible to imagine that this force 
might alone carry the blood to the surface of the 
foetal chamber,for the completion of the process, 
namely a flowing of the blood into the intervillous 
space, the first factor would seem to be essential. 
Though this is the case I shall subsequently adduce 
evidence in favour of the idea that the fluid absorp­
tion by the foetal structures may to some extent aid 




We have repeatedly referred to the fact that 
whilst these vascular changes are exhibited in vary­
ing degrees throughout the wall of the pregnant tube, 
that portion which borders on the gestation sac is 
almost invariably seen to be extensively infiltrated 
with red corpuscles which are seen to be escaping in 
large numbers through the -walls of vessels in this 
region which have not yet completely given way.
( Plates VIIand VIII) „ Another
fact of considerable interest and importance which is 
observed in this region is that the walls of the 
vessels concerned are often seen to be most involved 
in the process on that aspect which faces towards the 
surface of the foetal advance and whilst the chorionic 
cells are still at a considerable distance. These 
facts coincide with what I have previously referred 
to, namely that the extent to which the vessels are 
involved reaches its maximum in the foetal neighbour­
hood, and they, moreover, tend to indicate, what we 
should expect, that the tissue changes induced by the 
growing ovum are of such a nature as to determine in 
the region of the intervillous space a flow of the 
constituents of the blood towards the region of the 
chorionic advance. If our interpretation of the 
phenomena,/
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phenomena, then, he correct, we are furnished with 
evidence which justifies the conclusion that the ob­
ject of the complex vessel and tissue changes which 
we have studied in the preceding pages is the pro­
vision of a liberal supply of maternal blood for the 
engrafted ovum.
SIGNIFICANCE OF A DIRECT INFILTRATION OF 
THE VESSEL WALLS BY THE CHORIONIC CELLS.
The investigations recorded in the preced­
ing pages have indicated that the orthodox conception 
regarding the manner in which the blood supply of 
the foetus is obtained must be modified. There is 
in action some process other than an invasion and 
destruction of the vessel wall with a mechanical 
liberation of the contained blood. That this is not 
essential to the process is strikingly demonstrated 
by the fact, which I have described, that the blood 
can often be seen streaming from the vessel towards 
the intervillous space when the foetal cells are still 
at a considerable distance.
On the other hand it is often possible to 
detect a direct infiltration and destruction of the 
vessel by the engrafted cells. What is the signifi­
cance/
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significance cf this? Such a vessel is represented 
in Figure 54,55. At one part a villus is seen incor­
porated with the vessel wall, the tissue of which 
has been to a large extent removed. Some of the 
chorionic cells have extended as far as the endothe­
lial layer. The wall in the neighbourhood is cedema- 
tous and is infiltrated with blood. The muscular 
tissue is disintegrated and has, for the most part, 
disappeared, apparently having entered into a state 
of solution. It is obvious that here the changes 
are identical in nature with those seen at a dis­
tance from the foetal cells. The difference is one 
of degree only, being more marked here because of the 
proximity cf the cells. In another part of the 
vessel wall (towards the left in the figure) there is 
seen to be a greater destruction and there is seen 
to have been produced a distinct communication be­
tween vessel and intervillous space at the side of 
the invading villus. Here the tissue removed is, as 
is often noted, in bulk greater than the chorionic 
mass; this is clearly dependent on the solving pro­
cess to which I have repeatedly referred.
The appearances produced, therefore, 
correspond accurately with those encountered through­
out the marginal area of the ovum bed. The corrosion 
of/
of the vessel walls by the direct chorionic invasion, 
is to be looked upon not as the essential factor in 
the liberation of the maternal blood but rather as 
an incident in the process by which the tubal wall is 
uniformly involved. So far from its being correct 
to state that the blood cannot escape till the chorion­
ic cells directly invade the vessel wall, the reverse 
is the case. The chorionic cells are actually seen 
to be burrowing through the tissue towards the vessel 
from which the blood is already escaping. In so 
doing they would seem to be developing most in that 
direction from which their nutrition is flowing. If 
our interpretation of the process be correct,then, 
we are in this region brought face to face with a 
remarkable cycle of events. The chorionic influence 
(enzyme?)passes into the tissues which become chemi­
cally altered and respond by actively imbibing the 
blood (fluid and corpuscles). This will tend to 
pass in the direction of the greatest tissue change, 
i.e. towards the foetal cells and this tendency will 
be assisted by the active fluid absorption on the 
part of the foetal elements. These naturally
develop most on that aspect facing the direction of 
the nutritional flow and therefore, grow towards the 
vessel, the walls of which they ultimately reach, with 
the/
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the results I have recorded. In Figure 54 It is 
seen that the vessel wall is becoming teased out on 
the side most distant from the chorionic Invasion, a 
condition which affords conclusive proof of the 
statements I have made.
The passage of the blood towards the 
chorionic cells is also facilitated by the vascular 
expansion which is occurring. This, it is easily 
seen, must tend to transport the blood en masse to­
wards the chorionic site (Plate VIIand Figure 7V ).
Whilst in the neighbourhood of the chor­
ionic cells the destructive changes dominate the pro­
cess, this is by no means invariably the case.
Whilst the muscle early disintegrates there is often, 
as I have mentioned, a persistence of the endothelial 
and connective tissue elements. Not only so, but 
there may actually be found evidence of a definite 
re-action in the elements in the shape of a new forma­
tion of blood vessels. This obviously will serve 
the purpose of conveying the blood in the direction 
in which it is required (Figure 78 * ). This again, 
as I shall show, is merely an evidence of the tissue 
changes referred to.
254.
S U M M A R Y .
The commonly accepted idea that the maternal 
vessels are opened up by a direct infiltration 
of the chorionic cells does not suffice to ex­
plain all the phenomena.
The explanation, also, advanced by one or two 
investigators, to the effect that the opening 
of the maternal vessels is due to a giving way 
before the intravascular tension of the walls 
of the vessels in the proximity of the inter­
villous space, which have previously undergone 
a degenerative softening, likewise fails to 
embrace all the facts.
The investigations recorded here demonstrate 
that
(a) the loosening of the vessel walls is, 
for the most part, co-extensive in loca­
tion with the region of oedematous in­
filtration of the tubal wall. Whilst 
most evident in the neighbourhood of the 
growing ovum, these two appearances, the 
oedematous escape and the teasing out of 
the vessel walls, are still, however, 
seen at a distance, sometimes consider­
able, from the embryonic structures.
(b)/
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(b) The cause of the opening out of the 
vessel walls is a gradual separation and 
giving way of the tissues by the drop­
sical exudate. This, in the majority 
of cases, commences on the inner aspect 
of the wall and steadily progresses in
an outward direction. In its most mark- 
ed degree it results in a complete de­
tachment of the wall and a wholesale 
escape of blood into the surrounding 
tissues or the intervillous space.
(c) The changes are manifest even in the 
thick-walled vessels, especially the 
veins.
(d) The oedematous escape determining the 
changes is not due to a mechanical dis­
placement or filtration. Nor is it due 
to a secretory activity on the part of 
the endothelial cells. It is due to 
some tissue changes which lead to an act­
ive imbibition of fluid from the blood 
lumen.
(e) These changes must be due to katabolic 
protoplasmic changes which are associated 
with the liberation of crystalloids and 
an increase in the osmotic tension of the 
tissues./
tissues. By the osmotic diffusion we 
have the transference of fluid into and 
through the vessel walls, leading to a 
ploughing-up of the surrounding tissues 
to a marked degree.
(f) The "suction” of fluid into the surround­
ing region thus produced is associated, 
in the case of the vessels where there is 
the creation of a complete breach in the 
wall, with a passage of blood into the 
surrounding tissues or into the inter­
villous space.
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MODE OF FORMATION OF BLOOD SINUSES 
IN TUBAL WALL.
As has been mentioned in the course of the 
previous record there is found scattered about the 
wall of the pregnant tube, a considerable number of 
large, thin-walled blood spaces or Sinuses. These 
consist, as in other regions, of distended blood 
tracks, whose walls are formed by a single layer of 
endothelium. In the tube they are found more espec­
ially towards the peritoneal aspect. They exhibit 
great differences in size, varying from channels, 
whose walls on section are formed of three or four 
cells, to large, greatly expanded blood lakes. As 
they correspond in structure to the blood sinuses 
which develop in the muscular coat of the uterus dur­
ing pregnancy it was thought that a study of their 
mode of formation might cast some light on the pro­
cess at work in the case of the uterus.
In shape they exhibit wide variations; 
sorne are more or less circular or oval, whilst others 
are drawn out and may extend for a considerable di s— 
tance through the tubal wall. These differences 
may, to some extent, depend on the plane in which 
they are cut across in the sections. In most cases 
they/
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they do not, however, possess such a regular contour. 
Their boundary is usually irregular in shape, some­
times to a remarkable degree. From the main channel 
arms or branches of varying size are projected into 
the wall of the tube. In many cases the tracks are 
tortuous. The appearances exhibited suggest strong­
ly that the sinus-like space once formed continually 
increases in size at the expense of the adjacent tube 
wall. In the extension of their boundaries they are 
often seen to pursue the line of least resistance.
They are, for example, aften seen to skirt bundles of 
muscle which are interposed in the path of their ad­
vance. In many cases the off-shoots are seen to 
burrow along between two such muscle bundles. In 
fact the appearances revealed indicate that the sur­
face irregularities are dependent almost entirely on 
such mechanical influences. It will be noted that 
in the unevenness of their boundary surfaces these 
sinuses coincide with the appearances presented by 
the similar spaces in the uterine muscular coat 
(Figures 78-84).
It would seem that the large blood spaces 
must be formed from pre-existing vessels and the 
structure of their wall would seem to warrant the con­
clusion that they are developed for the most part, 
from capillary vessels. There are no structures in 
the/
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the normal tubal wall in the least corresponding to 
them 3n dimension. Their origin is also indicated 
by the fact that it is sometimes possible to deter­
mine the existence of a fine capillary connection be­
tween two adjacent spaces, which then simply look 
like two enormously distended regions of the same 
blood track. It will be pointed out, however, that 
even thick-walled vessels may assume like invasive 
properties, when deprived of their investing and sup­
porting muscular coat.
How are they formed? The fact that with 
an increase in size there is a corresponding increase 
in the number of the cells formj ng their wall indicates 
that they are not formed by a process of mere mechan­
ical expansion. The fact, moreover, that, although 
there must be a rapid increase in the circumference
of the wall, there is in none of my specimens any evi-
,
dence of a division of the component cells, would sug­
gest that there is something more than an increase in 
the pre-existing lining cells. I would advance the 
following observations in support of the fact that Jn 
the process of expansion the wails are continuing com­
ing into line with, and embracing the adjacent con­
nective tissue cells of the tubal wall. The process 
is demonstrated with great precision in one, the 
youngest of my tubal pregnancies; in it the tissue 
destruction,/
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destruction, which In the other specimens, has obscur­
ed the exact nature of the changes present, is not so 
marked. For this reason the following statement of 
the finer histological changes refers, unless other­
wise noted, to the youngest specimen of the series
In all my specimens the formation of 
the sinuses has occurred in the tubal wall to a very 
marked degree.
It has already been mentioned that in many 
of the sections there is seen a process of fluid 
imbibition by the connective tissue cells. This is 
associated with the formation of vacuoles, often of 
large size and sometimes several in number, within 
the cell body, the protoplasm of which is displaced 
to the periphery. The many and varied appearances 
exhibited in the process of the fluid distension of 
the cells have been described on a former page. It 
was also observed that where two such cells lay close 
together there was often noted an amalgamation of the 
fluid space permitted by a disappearance of the inter­
vening cell protoplasm. Where this occurred in the 
case of two or more cells lying end to end there was 
produced an elongated fluid track, which, in many 
instances could be traced through three or more cells 
in the same section. (Plate XI ) Where the 
cells lie side by side the disappearance of the separ­
ating films of cell substance results in the 
formation/
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formation of a more or less circular space filled 
with clear fluid bounded by two cells.
The various stages in this process are easily traced. 
By amalgamating with an adjacent, similarly distended 
cell we have the production of a space formed by 
three cells and so the process would seem to be 
capable of extending till a large space may be creat­
ed.
It has already been noted, also, that these 
changes in the connect!ve-tissue cells, which would 
seem to be dependent on alterations in their osmotic 
tension are exhibited in a manner exactly similar 
by the endothelial cells of the blood vessels, in 
fact that the process in each case is in the beginn­
ing determined by one common factor, namely the 
tissue changes caused by the presence of the growing 
ovum. Where a vacuolated endothelial cell abuts on 
a similarly affected connective tissue cell which is 
placed more or less parallel to it, there is again 
apt to be an amalgamation of two spaces.
This appearance is often easily 
recognised in different parts of the circumference 
of such a sinus-like space. On plate xi is shown 
such an expanding vessel - on the left lower aspect 
of this there is seen a connective tissue cell 
com!ng/
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coming into communication with the invading blood
space. The disappearance of the fine film of the
lining cell, which separated the space produced by
the union of the two vacuolated cells, results in
the extension of the blood cavity up to the level of 
(Figures 86,87) 
the outermost cell. It can easily be understood
that this process will lead to the steady expansion 
of the space. It can also readily be seen that any 
obstacle in the shape of a muscle bundle, will effec­
tually bar at that part the progress of the extension 
process and explains the rationale of the manner in 
which the expanding space skirts the muscle and sends 
an off-shoot between the two interposing bundles. 
Outward projections of the blood cavity thus produced 
often look like new blood vessels, but their real 
nature is easily determined by tracing them by serial 
sections when they are found to consist of cul-de-sacs. 
Although, for the most part, the formation of such 
sinuses would seem to occur at the expense chiefly of 
the finer vessels it is interesting to note that the 
same process may be detected in the thicker-walled 
vessels. On figure 85 is shown such a vessel in 
which there has been a detachment of the investing 
muscular coat. The lining layer thus released is 
seen to be throwing out projections into the tubal 
wall/
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wall In the manner described above. These look at 
first sight like parts of complete blood channels.
On tracing by serial tracing they are found, however, 
to terminate blindly. It is interesting to note that 
in the vessel figured, as in many others, the projec­
tion into the surrounding tissues of the finger-like 
processes is occurring almost entirely in the 
direction of the growing foetal cells. This is 
natural in view of the fact that the change is depen­
dent on the foetal influence. It is obvious that 
such an expansion of the vessel walls in the 
case of those vessels close to the embryonic struct­
ures, culminates in a wholesale transference of the 
necessary nourishment towards the intervillous space. 
It will be subsequently pointed out that a process 
entirely analagous in every respect may occur in the 
uterine mucosa in the case of an ordinary pregnancy.
m o d e /
MODE OF FORMATION OF NEW ELOOD VESSELS 
- IN WALL OF FREGNANT TUBE.
264.
In places throughout the wall of the tube 
in cases of pregnancy there is evident a new forma­
tion of blood vessels.a s  in the case of the newly 
formed blood sinuses described in the last paragraph 
this process is most evident towards the peritoneal 
aspect of the tube, and,as a matter of fact, the two 
processes are often found occurring hand in hand.
The formation of the new vessels is best studied 
round the circumference of the blood lakes. Here 
there is often detected a rich bidding out of the 
wall in the form of fine capillary off-shoots 
(figure 79 - 82 and plateX,) Even in the case of a 
small sinus there may be found six, eight or more 
such capillary off-shoots being projected into the 
surrounding tubal wall. In some cases these are 
found on tracing by serial sections to end blindly 
after running for a aiort distance in the tubal 
wall,in other cases they appear to extend through 
the tubal wall for a consi derable interval and they 
can be noted in many instances entering into an 
anastomotic communication with one another.
Whilst the process is noted in all my 
specimenswLere the tissue destruction is not 
excessive/
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excessive, it is clearly traced in only one of my 
pregnant tubes, and the following account of the 
changes is in the main, derived from the study of 
this tube. Whilst, at first sight, the mode in 
which new vascular formation takes place in the preg­
nant tube may seem to be irrelevant to the subject 
under discussion its importance will be recognised 
when we come to the discussion of the changes pro­
duced in the uterine mucosa by the presence of the 
growing ovum. Round the periphery of the early 
developing embryo a formation of new capillary 
vessels has been noted in the young decidual mem­
brane, and the investigations here recorded would 
seem to cast considerable light on the factors 
probably in operation in the case of the uterus. 
Whilst, as in the uterus, the change is in some 
parts recognisable in the immediate proximity of the 
ovum the exact histological features of
the process are obscured in this region of the tube 
by the excessive degeneration of the tissues.
I have already referred to the fact that, 
in the fluid spaces in the substance of the connective 
tissue cells, it is often possible to recognise the 
presence of well-preserved red blood corpuscles 
(Figure 76 ) This fact would seem to provide a clue
to the manner in which the new capillary off-shoots 
are/
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are formed. In the description of the vacuolated 
condition often exhibited by the connective tissue 
elements it was mentioned that where two or three 
such cells lie end to end there is apt to be a run­
ning together of the fluid spaces with the creation 
of a track continued along for a corresponding dis­
tance (Plate XI .) In last paragraph, also, it 
was noted that where such a cell lay apposed to a 
vacuolated endothelial cell there was noted in many 
cases an amalgamation of the two cells and a subse­
quent extension of the blood cavity to a correspond­
ing degree. The new vessel formation would seem to 
be dependent on the same cause. Where a connective 
tissue cell is set at an angle to a vacuolated 
endothelial cell there is seen a fusion of the fluid 
spaces, and,with a disappearance of the film of cell 
substance intervening between this new fluid track 
and the vessel lumen, there is produced a new cap­
illary vessel. On figure 89 is shown a vessel 
exhibiting these changes. At one part there is 
seen a vacuolated endothelial cell. At another part 
a capillary off-shoot in the earliest stage of its 
formation is seen. The endothelial cell has 
established a communication with the adjacent connec­
tive tissue cell, and this, again has fused with 
another connective tissue cell. As the result of 
the/
the disappearance of the fine pellicle of the cell 
substance of the endothelial cell corresponding to 
that shown in the case of the cell seen in the 
lower part of the figure there has been formed a 
complete and un-interrupted channel extending through 
the length of three cells. It will be noted that 
in the process the nuclei of the endothelial cells 
are drawn into line with the direction of the escap­
ing fluid.
Similar appearances are shown in Platesx & 
H a n d  throughout the tubal wall the vacuolated connect­
ive tissue cells are seen. In the neighbourhood of 
the vessels these have served in the formation of 
the new capillary twigs. In Figure 70 -71 is 
demonstrated a fact of considerable importance, 
namely that an apparent projection of a solid bud 
from the endothelial layer is seen, on tracing in 
serial section, to consist, in reality, of a complete 
canal, the wall of which has merely been cut across 
at a tangent.
How is the disappearance of the cellular 
film, which is essential to the process, to be 
explained? Tt seems not improbable that this may 
be due to a mechanical yielding to the intracellular 
tension produced by the distending fluid. It may, 
on the other hand, be due to the dissolving process
which/
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which is occurring, for it is often possible to 
detect a nucleus devoid of cell substance lying in a 
fluid space. The cytoplasm has apparently disappear­
ed in solution.
It will, then, be seen that the two pro­
cesses described in the last two sections of this 
research, the formation of the sinus-like expansions 
of the vessels and the formation of new capillary 
twigs from the pre-existing vessel walls, are to be 
traced to one and the same factor, namely an alter­
ation In the cell protoplasm determining an absorp­
tion of fluid from the vessel lumen or the tissue 
spaces. This, we have seen, is, in all probability, 
to be explained by a change in the constitution of the 
cytoplasm which is associated with the liberation of 
crystalloidal molecules and an increase in the 
osmotic pressure of the cell.
We have arrived then at a conclusion which 
to me seems to be of the greatest importance, namely 
that the three changes exhibited by the vessels in 
the tubal walls are traceable to the same common 
factor. We have already adduced evidence which 
proves beyond dispute that the dropsical infiltration 
and teasing asunder of the structural elements of the 
vessel walls, which is found to a marked degree in 
the pregnant tube and which is more and more evident, 
the/
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the nearer the engrafted ovum is approached, must he 
dependent on tissue changes which result in an active 
imbibition of fluid from the vessel lumen. This 
was manifested in the earliest stages of the process 
by a vacuolation of the endothelial cells or an 
oedematous accumulation on the inner aspect of the 
vessel wall. As the condition progressed the
T-. :degeneration tissues of the vessel wall and the con­
nective tissue cells entangled in these were seen 
to exhibit the same changes, until ultimately there 
is produced, especially in the immediate proximity 
of the ovum a wholesale detachment and spreading 
apart of the vascular wall with a liberation of the 
contained blood. We have now advanced evidence 
which seems to indicate that in the expansion cf 
the vessel walls and in the throwing out of the cap­
illary twigs, exactly the same process is in action, 
the only reservation being that in the two latter 
conditions the endothelial and connective tissue 
cells alone share in the changes.
If our interpretation of the phenomena be 
correct we have derived from our investigations 
information which tends to establish the close 
structural relationship between endothelial and con­
nective tissue cells; tbis is found in the fact 
that the latter are able under certain circumstances, 
not/
not only to range themselves alongside and to take 
part in the formation of the endothelial layer of 
the expanding vessel, but they can, alsoibecome 
canalised to form the lumen of a capillary vessel.
In this place it must be mentioned that 
the intra-cellular formation of capillary vessels 
has been repeatedly described by other investigators. 
All I claim for the observations here recorded is 
that besides adding a small contribution to the 
evidences in support of this conception, they would 
indicate that the rationale of the process is to be 
found in protoplasmic changes induced by some 
external influence which In the case under discuss­
ion, is, in all probability to be identified with 
the biochemical influence emanating from the 
chorionic cells.
271.
S U M M A  R Y.
In the pregnant tube there occurs an exten­
sive formation of blood-sinuses and of new 
blood-vessels. These changes are especial­
ly evident in the fine-walled vessels.
They are often present, however, in those 
with thick walls.
They may be seen in the immediate 
proximity of the ovum, where they both 
assist in carrying the maternal blood to­
wards the foetal cells.
Both vascular alterations are due to an active 
fluid imbibition by the endothelial and the 
connective tissue cells. The expanding 
force is not a heightened intravascular 
pressure. The new capillary channels are 
formed in response to exactly the same 
tissue changes as lead to the irregular 
oedema and haemorrhage. In this case, how­
ever, the blood fluid and cells are being 
drawn along definite intracellular tracks. 
The connective tissue elements are able to 
form the new endothelium.
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S E C T I O N  IV.
MODE Of ACTION of CHORIONIC STRUCTURES 
on MATERNAL TISSUES -
PLACENTAL REMAINS.
ACTION OF THE CHORIONIC CELLS ON THE 
MATERNAL TISSUES AS SEEN IN RETENTION OF 
PLACENTAL FRAGMENTS.
MATERIAL. For this investigation I have been
able to procure only one specimen. It consists of 
an entire uterus removed by vaginal hysterectomy, 
to the anterior wall cf which near the fundus a 
small fragment cf what at first looks like ordinary 
blood clct is adherent. On section the clot is 
seen to be sharply cut off from the adjacent paler 
muscular tissue of the uterine wall. This projects 
as a distinct polypoidal swelling into the uterine 
cavity at the point of the attachment of the clot, 
and jn it a number cf dark-red patches are seen: 
these, as will be shown subsequently, correspond to 
greatly distended, blood spaces. The clot measures 
•§• in. wide by about f in. in length. The mucous 
membrane cf the rest of the uterus is deeply congest­
ed. All the history of this specimen that I can 
give is that it was obtained from a woman who had 
aborted five months previously.
I propose to describe the microscopic 
appearances presented by this specimen under two 
headings: (1) The Foetal Remains and the Changes
in /
in the Muscular Wall adjacent to these, (2 ) The 
Changes in the Mucous Membrane at a d.istance from 
the Placental Villi.
(1) THE FOETAL REMAINS AND THE ADJACENT
MUSCULAR TISSUE.
The placental remnants consist of a number 
of villi imbedded in the blood clot. The ectoder­
mic and the mesenchyme cells are, in some places, 
well-preserved and, in other places, markedly degen­
erated. For the most part the villi do not come 
into direct contact with the uterine tissue. Here 
and there, however, they lie up against this and in 
one or two places they may actually be seen situated 
in a vessel. The general appearances are seen on 
Plate. XIII.
The Maternal Tissues. In the proximity 
of the villi the mucous membrane has almost entirely 
disappeared. Here and there a gland or two surrounded 
by the stroma cells may be seen. These are usually 
enlarged in a decidual manner. These regions cor­
respond to the incursions of the mucosa into the 
muscular tissue. The muscular tissue immediately 
bordering on the blood clot is in a state cf coagu­
lation /
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coagulation necrosis, exactly as described in the 
wall of the pregnant tube. As in the latter site 
it is richly sprinkled with red blood cells. Im­
mediately subjacent to this the tissues are infilt­
rated with leucocytes chiefly of the polymorpho­
nuclear type. Even at a distance from the villi 
the muscular tissue is degenerating.. In these 
respects the changes coincide with what I have al­
ready described in connection with the pregnant tube. 
Decidual and other alterations in the connective 
tissue elements will be noted in a subsequent 
section.
The Changes in the Vessels correspond to 
those observed in the pregnant tube. As I have 
discussed these in full in the last section, and as 
I intend to go into the subject again in connection 
with the maternal tissue changes in chorionepitheli- 
oma, it will be necessary to refer to them here only 
in brief. In all the sections there is a haemorr- 
hagic escape from a large number of the vessels, 
even at a distance from the region of the villi. In 
the marginal area the blood is passing directly into 
what corresponds to the intervillous space through 
the gaping mouths of the cpened-up vessels, or it is 
seen traversing the maternal tissue intervening 
between the vessels in the neighbourhood of the 
foetal /
foetal remains and the main blood space. The fact 
that these changes are widespread, whereas at no spot 
is there visible any direct invasion of the uterine 
wall by th e  chorionic cells, proves beyond doubt that 
the blood escape is not due to a foetal infiltration 
and destruction of the vessel walls. As before 
the alterations in the vessel walls demonstrate con­
vincingly that the process is due to tissue changes, 
that determine an active imbibition of the blood fluid 
and later of the blood corpuscles. The stages in the 
process are just as easy to follow as in the pregnant 
tube. (Figures 108, 109, 110, ill, 112). In Figures 
113 - 114 is shown a vessel near the intervillous 
space along the interior of which a villus has grown.
It is now markedly degenerated and there are no foetal 
cells attached to the wall. This section demonstrates 
the untenability of the conception that the blood does 
not leave the vessel lumen till the wall is completely 
destroyed. Here the red cells are seen streaming in 
quantity through the wall, away from the foetal ele­
ments, in response to the tissue changes which these 
induce. This exodus of the red cells into the sur­
rounding tissues is present both from the vessels 
coursing through the necrosed regions and from those 
whose walls are well—preserved. On the whole it is 
more evident in the former, and this doubtless because 




As in the pregnant tube it is found that a 
decidual formation in the tissue cells prevents the 
irregular blood escape. On Figure 115 is seen such a 
vessel in the close proximity of the foetal elements. 
The enlarged cells correspond to the cells of the 
stroma of the mucous membrane where this has dipped 
into the superficial muscular layers. Lying amongst 
the decidual cells a number of leucocytes are seen.
In many places, especially in the proximity 
of the villi, there is a marked distension of the 
vessels. In some instances this has resulted in the 
formation of sinus-like expansions such as I have de­
scribed in the wall of the pregnant tube. In these 
cases the wall is formed by a layer of flattened 
cells only. As before there is often an irregular­
ity and unevenness of the bounding walls. In other 
cases the increase in diameter has involved the ves­
sels coursing through the degenerating tissue in the 
neighbourhood of the villus remains. The confines 
may be regular but they are often ragged and uneven, 
and it looks as if the expansion were due to a gra­
dual solution of the necrosed tissue by the blood 
fluid. Round the periphery of these spaces the red 
corpuscles are usually seen streaming into the ad­
jacent tissues through the wall, in a manner similar 
to /
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to that present in the wall of the pregnant tube. 
(Plate xill). As already mentioned where these blood 
tracks approach the intervillous space the red cells 
which escape through their walls are often seen pass­
ing across the maternal tissue partition intervening 
between the two blood regions.
(2) CHANGES IN THE UTERINE MUCOUS MEMBRANE 
AT A DISTANCE PROM THE POETAL 
REMAINS.
Round the uterine cavity the mucous mem­
brane is well retained. To the naked eye it is seen
to be deeply congested. In this section I wish to
refer to important microscopic changes which it exhi­
bits. For purposes of description I have chosen a 
region of the mucosa at the pole of the uterine wall 
opposite to that to which the blood clot is adherent. 
In the sections no foetal cells are present and the 
changes are therefore not dependent on a direct in­
vasion by the chorionic elements.
In many places there has been a loss of 
the superficial epithelium, and in some places the 
surface layers of the stroma with the gland orifices 
are/
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are wanting . Apart from this the glands are normal 
in appearance; (Figure 116.). In the vessels and 
the interglandular connective tissue there are changes 
of the most profound importance from the point of 
view of one of the objects of this research. In 
most places there is present a well-marked haemorrha- 
gic escape. This has involved the upper two thirds 
of the mucosa; the lower third has almost invariably 
escaped. The bleeding has led to a ploughing up of 
the stroma, the cellular elements of which are often 
widely separated from one another. For the most 
part the extravasation is greatest in the surface 
regions. The mode of the blood escape from the ves­
sels is often easy to trace. In the better supported 
vessels the stroma cells are becoming stripped-off, 
often in concentric layers from without inwards.
When this has occurred to the extent of leaving only 
the intiraal cells, or even before, the red cells are 
liberated and are seen to be streaming in quantiti^ 
through the wall into the surrounding tissues. There 
is often present a wholesale opening-out and displace­
ment of intima as well as surrounding stroma by the 
escaping blood. This results in an expansion of the 
vessel and then it is usually impossible to distin­
guish original intimal from original supporting cell. 
(Figures n ?  - 123).
We/
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We thus see that in many respects the chan­
ges exhibited by the mucous membrane in this specimen 
coincide with the changes which I have described in 
connection with menstruation. The vascular and sur­
rounding stroma alterations are identical in nature 
with those previously recorded. The only difference 
is one of degree - in this case the bleeding is great­
er than is found in normal menstruation. This fac­
tor probably accounts for the separation of the sur­
face epithelium and stroma which has occurred in 
places, though, of course,' it is possible that this 
is an artefact.
How are we to account for these remarkable 
changes, which, so far as I know, have never before 
been noted in this condition? The hsnorrhage present 
is clearly not due to an opening-up of the maternal 
vessels by a direct invasion of the chorionic cells.
On the other hand it would seem likely that they must 
be dependent on the presence of the foetal elements.
It seems to me that the hse morrhagic escape must be 
determined by the same factor which, in the muscular 
wall of the uterus underlying the villous fragments 
in this specimen, and in the wall of the pregnant 
tube, results in an irregular and sometimes excessive 
bleeding from the vessels, even at a long distance 
from/
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from the actual locality of the foetal cells. We 
have seen that in the wall of the pregnant tube the 
condition is probably due to the liberation of some 
substance of a chemical nature which, while acting 
most vigorously in the immediate proximity of the 
foetal cells, gradually extends the sphere of its ac­
tivity to a remote distance. The excessive extrava­
sation exhibited by the mucosa in this specimen is, 
in all probability, due to the well-demonstrated sus­
ceptibility of the stroma tissue and vessels. This 
I have referred to in detail in a preceding sectior. 
and I have there shown that the structural peculiar­
ities of the stroma protoplasm enable it to respond 
with the greatest advantage to the influence which 
determines the menstrual changes. The chorionic sub­
stance in this instance probably reaches the mucosa 
directly. it is clear that the surface of the mu­
cosa will be continually bathed by any material in 
solution escaping from the villi. This explanation 
of the phenomena seems to me the more rational one, 
though of course it is impossible to say with cer­
tainty that the chorionic influence is not transmit­
ted to the mucous membrane through the medium of the 
blood stream.
A fact of considerable clinical importance
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Is revealed by the study of this specimen. The se­
vere bleedine: from which the patient had suffered was 
derived not only from the vessels in the immediate 
proximity of the villous remains, but also from the 
mucous membrane at a considerable distance. The ap- 
pearances warrant the conclusion that a large amount 
of the blood escape was derived from this source.
The conditions present here correspond in many de­
tails to those seen in the pregnant tube, where there 
is apt to be a free blood escape from the vessels at 
a remote distance from the chorionic cells. This is 
especially true of the finer vessels. In several of 
my specimens there had obviously been a continual 
oozing from the small vessels towards the peritoneal 
aspect of the tube.
S U K M A R Y.
( 1 ) In the case of retained placental fragments the 
vascular changes coincide with those seen in 
the pregnant tube. The vessel walls open up 
in response to the tissue changes induced by 
the substance derived from the chorionic 
cells. The oedmatous and blood escape are 
often present at a long distance from the 
villi.
( 2)
In the mucous membrane at a distance from the 
villi there are present stroma and vascular 
changes similar to those normally found du­
ring menstruation.
The bleeding from which the patient suffered 
was derived in part (and probably largely) 
from the mucosa at a distance from the vil­
lous remains..
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S E C T I O N  V.
MODE Of ACTION Of the CHORIONIC 




THE MODE OF ACTION OF THE CHORIONIC EPITHEL: 
IUM ON THE MATERNAL TISSUES AS STUDIED 
IN CHORION—EPITHELOIMA.
MATERIAL.
This consists of four uterj , 
which were the seat of a well-marked chorion 
epi theli omatous infiltration. Three of the 
specimens were removed by vaginal hysterectomy 
and were immediately transferred to the hardening 
flui d.
The fourth case, which includes 
sections from the lungs in which there had 
occurred Metastatic deposits, was obtained 
post-mortem. In all the cases the preser­
vation, as judged by the condition of the foetal 
elements, is excellent.
The investigations recorded in 
the following pages were carried out with the idea 
that /
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that a study of the changes induced in the uter­
ine wall by the malignant invasion of the cells 
of the foetal ectoderm might shed still further 
light on the manner in which the embryonic struct­
ures, under normal circumstances, establish 
their intimate relationship with the maternal 
tissues in the case of a uterine pregnancy.
In the last two sections we have ac­
quired evidence which tends to prove that the 
orthodox conception of the exact manner in which 
the foetus is furnished with its supply of mat­
ernal blood must be completely modified, at any 
rate, in the case of a tubal pregnancy and in 
the case of retained fragments of placenta 
where the chorionic cells have preserved their 
activity. In both of these conditions, which, 
though pathological, correspond to a foetal 
invasion of the maternal tissues of a benign 
nature, we have seen that in response to the 
presence of the embryonic elements there are set 
into /
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into action complex changes in the maternal tissues 
which result in their actively imbibing the blood 
fluid and cells and, in the case of the vessels in 
the immediate proximity of the foetal ectoderm, cul­
minate in a wholesale escape of the red blood cor­
puscles across the space intervening between the ves­
sel lumen and the villous line of advance. We have 
seen that the maternal vessels are opened up by a 
process of this nature and not by a direct invasion 
and replacement of the tissues of the vessel wall by 
the advancing chorionic cells, though in many cases 
the appearances would, at first sight, seem to -war­
rant such a conclusion.
In the case of chorion-epithelioma we are 
dealing with a tumour growth composed of masses of 
foetal cells, which actively invade the wall of the 
uterus. After a large amount of discussion (it is 
doubtful whether any tumour has ever given rise to so 
much dispute as to its origin) this growth has now 
been definitely proved to owe its origin to a malig­
nant over-growth of the epithelial elements of the 
chorionic membrane. Hence the name. The indis­
putable demonstration of its true nature we ow<*, in
(17)the main, to the researches of Marchand on the con­
de)
tinent, and to Teacher in this country.
Prima/
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Prima faoie it would seem likely that the 
manner in which this tumour is provided with its
supply of maternal "blood would correspond to the man­
ner in which the ovum engrafted in the uterine mucosa 
opens up the maternal vessels, for this is accom­
plished, as we know, hy the activity of its epithe­
lial covering. In either case - in the benign ac­
tivity of the cells of the embryo which has burrowed 
into the uterine mucosa, and in the malignant action 
of the cells of the neoplasm - the object of the
tissue changes induced is the acquisition of a plen­
tiful supply of mother’s blood. In either case we 
are dealing with structures which are, in the main, 
to be considered as parasites deriving their sus­
tenance from the maternal blood.
Chorion-epithelioma, then, may be defined 
as an over-growth of the cells of the foetal ectoderm, 
which, for some reason or other, which we still im­
perfectly understand, has during or after a pregnancy 
assumed a malignant tendency. This is manifested by 
an infiltration and destruction of the tissues of the 
uterine wall, sometimes to the extent of burrowing 
right through to the peritoneal surface. As is 
well/
well known this hyperplasia of the chorionio cell3 
is very apt to ensue subsequent to the development 
of a Hydatidiform Degeneration of the foetal villi. 
On section the uterine wall is seen to bo studded 
with clumps of the foetal cells, which often appear 
to be cut off from one another and lie as islets em­
bedded in the uterine wall. It is usually easy to 
recognise in these masses both of the cellular ele­
ments of the foetal chorion - the rounded or poly­
gonal cells with large nuclei, corresponding to the 
Langhans1 cells of the ectodern and the plasmodial 
multi-nucleated masses, which correspond to the syn­
cytial covering of the foetal surface. The main 
changes in the maternal structures are seen in the 
production of a wide spread oedema and blood extra­
vasation, the latter being especially marked round 
the masses of the foetal cells. In addition there 
is induced a progressive degeneration of the muscle 
of the uterus. The fibres swell up, the nuclei be­
come large and pale. This is followed by a disap­
pearance of the outlines of the fibres, which often 
coalesce to form a homogeneous structureless mass 
devoid of nuclei. In later stages of the degenera­
tion the muscle elements disappear altogether, ap­
parently entering into a state of solution.
This/
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This investigation is concerned, more es­
pecially vrith the histological changes exhibited, by 
the maternal tissues, and more particularly with 
regard to the alterations in the walls of the mater­
nal vessels.
As already mentioned one of the most 
characteristic features of this tumour growth is the 
excessive haemorrhage which its presence provokes.
In the literature the mechanism of this is supposed 
to depend on an infiltration or corrosion of the vas­
cular walls by the chorionic calls, which give way, 
releasing the contained blood which is extravasated 
by the force of the blood stream, and thus furnishes 
the nutriment of the growing cells of the tumour.
The orthodox conception of the process is thus ex­
pressed by Teacher in his admirable monograph 
'rThe advancing tumour attacks the vessel from without, 
destroying and replacing the wall . . . .  When it 
reaches the endothelium the tumour cells tend to 
spread along Just under it for some distance, so that 
the vessel may come to have the appearance of a tube 
of endothelium in a sheath of large tumour cells . .
. . . . Sometimes a plug of tumour regularly in­
vaginâtes the endothelium into the lumen. The in­
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invaded, blood vessels ( at least those attacked from 
within) dilate; this peculiarity is particularly 
striking in the vaginal metastases which are usually 
taken to be varicose veins.” The haemorrhage is 
caused by the fact that"finally the endothelium 
disappears or gives way. When this occurs, on the 
one hand the tumour cells enter the vessels and on 
the other extravasations of blood into the tumour 
take place". According to this description of the 
changes, which so far as I can discover, embodies the 
conception universally accepted, we note that for an 
escape of the contained blood there must be a local 
destruction of the vessel wall by the infiltrating 
tumour cells. This once accomplished, we have a 
mechanical exodus of the liberated blood.
Teacher in another paragraph states that 
"the tumour grows into the mouths of the uterine 
sinuses, attaches itself and invades them from within". 
According to this description of the process, then, 
the foetal cells are bathed in the maternal blood by 
one of two different methods; (l) they destroy the 
vessel wall and in this way create a gap through 
which the blood is poured out, or (2) they grow into 
and along the vessel lumen in a manner which, in some 
cases,/
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cases, is similar to that in which the villi extend 
along the veins of the tube wall, in the case of 
tubal pregnancy, and along the uterine veins in the 
case of normal pregnancy. it will be seen that 
these conceptions regarding the mode of action of 
the tumour cells In the condition we are studying 
coincide accurately with the almost \iniversally ac­
cepted view of the method of action of the chorionic 
cells in the case of a tubal pregnancy, and, as will 
be noted later, also in the case of normal uterine 
pregnancy. It was for the purpose of testing the 
validity of these ideas that I have carried out the 
investigations here recorded.
In all my specimens the blood extravasa­
tions, though most evident in the immediate proximity 
of the foetal cells, are not confined to this region. 
Scattered irregularly throughout the maternal tissues 
there are numerous areas of blood escape round the 
vessels, and this even at a considerable distance 
from the sits of the cellular invasion. It is also 
distinctly present in the lung tissues in which there 
has been the occurrence of metastatic deposits de­
rived from the primary source. In all of the 
specimens it was possible without the least doubt to 
recognise the red cells leaking from vessels in 
whose/
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whose neighbourhood there were present no cells in 
the least resembling those of the chorionic membrane. 
These observations indicate that there must be in 
operation some influence determining the blood escape 
through the vessel walls other than the direct lo­
cally infiltrative and destructive effect of the 
chorionic cells. The more distant haemorrhages, it 
is clear, must be provoked in some way or other by 
the presence of the chorionic cells. The fact that 
the blood exit through the vascular walls becomes, on 
the whole, more and more marked the nearer the tumour 
masses are reached would indicate that this chorionic 
influence, whilst naturally exercising its most potent 
action on the nearest maternal structures, spreads 
directly through the tissues, becoming less and less 
powerful until ultimately it is insignificant or be­
comes lost altogether. The probable nature of this 
influence I shall discuss in a special paragraph in 
the later part of this research. In the meantime 
I shall be content to refer to it exclusively from 
the aspect of the structural changes which it induces 
in the maternal tissues.
In Plate XIV .is shown a fine vessel through 
the wall of which there is seen a passage of the red 
cells/
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cells into the neighbouring tissues. The boundaries 
of the vessel are unimpaired round its entire cir­
cumference; in other words, there is no trace of the 
destructive process such as is demanded by the or­
thodox conception cited above. At a small distance 
there are seen the chorionic cells, but between 
these and the vessel wall there is a distinct inter­
val devoid of the foetal elements. A similar 
streaming of the red corpuscles through a vessel at 
a distance from the foetal invasion is seen in 
Plate XVI.* The fact that one can detect with ease 
the passage of the individual cells through the 
vessel wall, disproves with certainty what otherwise 
might have been urged, namely that the haemorrhage 
in these cases is derived from the same or another 
vessel whose wall had been invaded in an adjoining 
part of the uterine wall. I maintain that these 
appearances which are found with ease in all my 
sections, demonstrate beyond cavil that there is in 
existence some process different from that advanced 
by previous investigators on the subject. We see 
also that by this influence the foetal elements are 
brought into contact with the maternal blood. It 
will be noted that, so far, these investigations co­
incide /
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coincide with those which I recorded in connection 
with the blood escape in the pregnant tube and in the 
condition where placental fragments are retained in 
utero.
As the result of these observations we 
are compelled to amplify the conception entertained 
by Teacher and others. If both views be correct, 
then we have to deal, in regard to the manner in 
which the tumour masses acquire their nutriment in 
the shape of the maternal blood, with two separate 
and distinct processes. We have, in the first place, 
a local destruction of the vessel walls by the direct 
chorionic infiltration with a subsequent mechanical 
ourpouring of the blood over the foetal masses, and 
we have, in the second place, some tissue or vascular 
alterations, which are independent of an actual 
chorionic invasion. I shall advance evidence in a 
later part of this investigation which tends to in­
dicate that the important factor is not the local 
breach or breaches created in the vessel walls, but 
that this process is probably to be looked upon 
rather as an incident in the advance of the tumour 
cells than as the cause of the blood escape.
In the meantime, I shall pass on to con­
sider the possible factors responsible for the escape 
of/
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of the red. cells from the vessel lumen where a direct 
invasion by the foetal cells can easily be put out of
court.
CAUSE OP THE BLOOD ESCAPE PROM THE 
MATERNAL VESSELS.
In pursuing this enquiry I propose to 
adopt almost exactly the same line of procedure as 
was found valuable in the case of the pregnant tube.
It will be useful again to consider in the first place 
the changes exhibited by the thicker walled vessels, 
where the process at work is, for a reason noted in 
the previous investigation, more clearly deciphered, 
and, in the next place, to review the alterations in 
the fine-walled vessels.
In none of my sections are the structural 
changes in the vessels of the uterine wall so marked 
and so wide-spread as was found in the tubal wall in 
the case of a pregnancy in that site. The actual 
process in operation is, however, none the less 
easy to distinguish.
Here again the process may be divided 
into two more or less distinct stages. In the first 
place we have a dropsical opening-out of the tissues. 
This/
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This is followed by the haemorrhagic escape from 
the vessels. We have already noted that an oedem- 
atous infiltration of the uterine wall is one of 
the most characteristic changes induced by the 
presence of the chorion-epithelioraatous masses.
It is wide-spread and reaches its maximum in the 
immediate proximity of the chorionic cells. By 
its means there is produced a spreading apart of 
the muscle bundles and a teasing asunder of the 
individual muscle fibres* The process is most 
evident, for the most part, in the environment of 
the vessels, and can be seen leading to an opening 
out of the structures forming the vessel walls. In 
many places it is easy to detect oedematous tracks 
ploughing their way through the vessel walls into 
the neighbouring region where they usually expand 
into voider spaces, because of the easier separation 
of the tissue elements. Sometimes in the
better supported vessels this condition is limited 
to the vessel wall but as soon as it involves its 
entire thicknesR, and frequently before, the neigh­
bouring tissues are involved in the process. Along 
the tracks thus created it is, in many places, 
possible to discover the escape of the red cells.
In fact the dropsical infiltration is such a con- 
s tant/
constant precursor of the corpuscular escape that, 
as in the case of the pregnant tube ̂ it must be 
looked upon as a preparation for the exodus of the 
more solid elements of the blood. Any light thrown 
on the process underlying this watery exudate must 
furnish us with important evidence in our search 
after the secrets underlying the mechanism by which 
the vessels open up and pour their blood into the 
surrounding tissues and which in the neighbourhood 
of the tumour masses determines at once the way 
in which the foetal elements are furnished with 
their necessary nourishment and the manner in which 
there is produced the haemorrhage which is so 
typical a symptom of this disease, and which is often 
so severe as to endanger the life of the patient.
CHANGES IN THE VESSELS.
If we examine the vessels in the uterine 
wall we observe in many places and even at a con­
siderable distance from the chorionic cells the 
appearances represented on figures 124 - 129. in 
the vessels represented there is seen a swelling 
and bulging towards the vessel lumen of the endothel­
ial layer of cells. Sometimes this is indicated bya/
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a fluid distension involving the individual cells 
( figures 124-^ in other cases it is represented by 
a dropsical accumulation in the immediately sub- 
endothelial space, which has resulted in a whole­
sale floating up of a sheet formed by several of 
the cells (figure 128 ). The fluid expansion of 
the isolated cells, which project into the lumen 
like a row of beads set into the vessel wall, is 
a constant precursor of the more marked accumula­
tion. As the result of the intra-cellular collect­
ion there is produced a clear space enclosed by 
the fine pel&cle of cell substance with the 
nucleus displaced outward to the periphery and 
for the most part in relation to that pole which is 
directed towards the centre of the lumen. Here 
we have again the "signet ring appearance" a con­
dition we have noted in several other sections of 
this research. It is obvious that these appearances 
can be due to one cause, and one cause only, 
namely some alteration in the cell protoplasm, 
which has determined an absorption or imbibition of 
fluid from the vessel lumen. When the cellular 
distension reaches a certain degree there occurs a 
separation of the confining layer of cell substance. 
Whether/
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Whether or not this is dependent, as is usually 
described in connection with similar cell changes 
elsewhere, entirely on mechanical causes, I am unable 
to state with certainty. It seems to me, however, 
not unlikely that the cytoplasmic changes, which have 
culminated in the opening up of the cell substance 
by the fluid imbibed,may of themselves determine the 
softening and ultimate giving way or solution of the 
remaining portion of the cell substance, which has 
been displaced to the periphery. I employ the word 
solution hers advisedly because it has been repeatedly 
borne jn on my mind in the course of my researches 
that there must be, in association with the proto­
plasmic changes with which we are at present con­
cerned, some gross alteration in structure which not 
only determines an attraction for fluid, but which 
also permits of the changed cytoplasm, which in some 
instances may be the whole substance, becoming 
dissolved in the entering fluid. This would seem 
only natural and yet so far as I can gather it has 
as yet not found the place its importance merits 
in the calculationsof pathologists. What the exact 
nature of the changes in operation is, we are still 
unable to state with precision, but it seems to be 
certain that the fluid absorption by the cell, and
P.9Q •
which leads to a collection in the cell under a 
hydrostatic pressure greater than that in the 
vessel -lumen must depend on a chemical alteration 
in the cell substance associated with a liberation 
of crystalloidal elements. This creates an enhanced 
intracellular osmotic tension and determines a 
diffusion from the blood vessel lumen (or the tissue 
spaces, in other cases) into the cell. The 
crystalloids thus produced or rather, in all 
probability, liberated, will enter into solution, 
and it is easily seen that by this means there 
must occur a certain diminution in the total solid 
of the cell contents. It seems to me not improbable 
that exactly the same process as that responsible 
for a softening and opening up of the cell body may 
in its progress ultimately involve the cell 
pellicle and thus, by a means which is not simply 
mechanical in nature, throw the intracellular 
cavity into direct communication with the surround­
ing space. This conception, in addition, is in 
conformity with the more recent researches into the 
structure of the cell, which tend to prove that 
in most animal cells there is no definite and 
differentiated cell-membrane corresponding to the
envelope/
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membrane) from the blood, vessel lumen, which is a 
region of lower, to the tissue space, which is a 
region of higher osmotic tension. We thus see that 
the same process, which led to a fluid distension 
inside the cells, has resulted in a dropsical accumu­
lation outside the cells. It can only be explained 
as due to the presence in the tissue space of 
crystalloidal elements, which have been set free 
in consequence of the activity of the chorionic 
cells. There can be little doubt that these 
crystalloids are again derived from the changes 
produced in the protoplasm of the cells constituting 
the vessel wall. The changes leading to this dropsical 
infiltration of the inner portion of the vessel wall, 
by opening out the tissues,may permit of an escape 
into the corresponding area, of the corpuscular 
elements of the blood ( Plate XVI. )•
So far, then, we have no difficulty in 
understanding hew the innermost portion of the vessel 
walls become opened out, and how to this extent, 
there may be a liberation of the blood contained in 
the vessels. How is the teasing asunder of the 
tissue elements, and, in the case of vessels other 
than the very finest, of the outer portion of the 
wall /
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wall, to be explained? We have seen that, if we 
satisfactorily explain these phenomena,we have little 
difficulty in determining the rationale of the es­
cape of the red blood corpuscles into the surrounding 
tissues. Prom the fact that their structure results 
in a forcing into prominence of the successive steps 
of the process, I shall still confine ray remarks to 
the thicker-walled blood vessels. The next stage 
is seen in an opening of the vessel boundary in the 
region immediately external to that already referred 
to. Here again it is easy to determine that there 
must still be operation the same osmotic influences. 
These fluid tracks are represented often by a sort of 
honey-combing of the muscular tissue of the vascular 
wall (Figure 138) ; in this, the earliest stage of 
the process, there are still present bridging and 
interlacing processes of the degenerating protoplasm 
which interrupt the completeness of the tracks. In 
some cases on section this appearance is evidenced 
by the presence in the wall of a large number of 
spaces, varying from a size just recognisable with 
the highest powers of the microscope to comparatively 
large vacuoles, (Figure 135)* In other cases there 
is created a complete or an almost complete track in 
the/
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the vessel wall leading into the perivascular tissues. 
(Figuresi29-30-l)Such a track may communicate direct­
ly with the vessel lumen , when there has been a 
disappearance of the lining cells. In other cases 
the endothelium may still persist, and it is often 
seen to be bulged towards the vessel cavity. In
fact the appearances which I have described seem to
demonstrate beyond doubt that in the dropsical in­
filtration of the vessel wall and tissues there must 
be in operation an influence similar to that res­
ponsible for the same changes as found in the inner­
most part of the vessel wall. This influence we 
have seen to be dependent on tissue alterations ac­
companied with the liberation of crystalloidal 
elements and the production of an enhanced osmotic 
tension, with a diffusion of fluid from blood to 
tissue in an attempt to re-adjust the discrepancy in 
the osmotic pressures.
The process of fluid imbibition is, as
already stated, exhibited by the endothelial cells
in a manner, which is almost diagrammatic in its 
clearness. In them we have demonstrated with pre­
cision the mechanism which, I believe, dominates the 
whole process of the oedematous escape irom the
vessel/
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vessel lumen across the vessel walls into the sur­
rounding tissues, and which, in the finer vessels is 
readily followed by an exodus of the blood corpuscles. 
In the description of the changes in the vessels of 
the pregnant tube, which it will be noted, are 
identical with those at present under discussion, I 
have already pointed out, that we are furnished with 
confirmatory evidence of the truth of this inter­
pretation of the phenomena in the changes which are 
seen in the connective tissue cells. These were 
seen to exhibit the process of fluid imbibition in a 
manner similar in every respect to that occurring in 
connection with the endothelial cells. In the 
uterine wall, in the case of chorion-epithelioma, it 
is likewise easy to find that the intracellular fluid 
accumulations are not confined to the endothelial 
layer. In Figure 125 is shown a vessel the endothe­
lial cells of which are swollen up in the manner de­
scribed. In the wall are seen two connective tissue 
cells, which exhibit, in a like manner and in a like 
degree, the intracellular fluid vacuoiation. It 
will be noted that here again the nuclei are dis­
placed to the periphery of the cell where they have 
been flattened out by the accumulating fluid. The 
same change is detected in the outlying connective 
tissue /
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tissue cells. ( Figure 133-3). As described in the 
wall of the pregnant,tube in two adjacent connective 
tissue cells the intracellular spaces filled with 
the imbibed fluid may flow together, leading to the 
production of a correspondingly large cavity bounded 
by the remains of the two cells. By the inclusion 
of a third cell in the process we obtain a space 
bordered by three cells, and so the process may ex­
tend till ultimately we have large oedematous spaces, 
occupied by fluid which is obviously derived by an 
osmotic diffusion from the adjoining vessel or the 
connective tissue spaces. These facts seem to me 
to prove beyond the least doubt that, at any rate, 
in the transference of the fluid to the tissues, 
osmotic phenomena play an important role.
So far our remarks have been limited, for 
the most part, to the thicker vessels. The resis­
tance which their well-supported walls present to 
the fluid escape has resulted in a forcing into pro­
minence of the actual details of the process. The 
same description of the changes applies with equal 
force to the fine vessels. Here, as can easily be 
understood, the oedematous ploughing up of the ad­
joining tissues is, on the whole, much more evident, 
and there is more apt to be a leakage of the cor­
puscular/
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corpuscular elements of the blood. In the case of 
the thicker vessels even a small haemorrhagic escape 
is found, only comparatively seldom. Where this has 
occurred to any marked degree, it is almost invariably 
from a fine vessel. In the fine capillary vessels 
the stages of the process are often more difficult 
to follow - this is entirely dependent on the fact 
that v/ith the onset of the endothelial and tissue 
changes there is permitted an early and an easy exu­
dation of the fluid, which escapes leaving little 
trace of the steps of the process behind it. That 
the same process is, nevertheless, in operation here 
also, I have been repeatedly able to determine by the 
discovery in the early stages of the same fluid 
swelling of the cells of the endothelial layer. The 
giving-way of the fine cell films in such a case at 
once creates a direct communication between vessel 
lumen and tissue space, and thus determines the 
possibility of an easy mode of escape for the blood 
corpuscles.
In connection v/ith the smaller vessels 
there is another change of considerable importance, 
and one which was exhibited by the finer vessels of 
the pregnant tube. This consists as I have shown, 
in a gradually increasing expansion of the vessel 
v/all,/
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wall, so that a vessel of capillary dimensions may 
ultimately attain the size of a large sinus-like 
cavity. The details of this process will be referred 
to more particularly in the next section of this re­
search.
It was noted in connection with the changes 
exhibited by the wall of the pregnant tube that the 
muscular tissue undergoes a progressive disintegration 
especially in the neighbourhood of the foetal elements, 
until it ultimately becomes represented by a homo­
geneous, faintly staining mass, in which all resem­
blance to the original muscle fibres is lost. The 
connective tissue cells, on the other hand, resist the 
process to a marked degree, and, even in the immediate 
proximity of the ovum, they majr be recognised with 
well-preserved nuclei. In most places they were 
found to be enlarged, both in nucleus and cell body, 
and often in a way which identified them with the 
decidual cells of the uterine mucosa in the case of 
an ordinary pregnancy. Exactly the same description 
applies to the connective tissue cell of the muscular 
wall of the uterus in chorion-epithelioraa. The same 
preservation of the cells is observed, and in many 
places they are found to enlarge in a manner closely 
resembling/
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resembling the normal decidual cells. These changes 
will be referred to in greater detail in a subsequent 
section of this research devoted to the histology 
and functions of the Decidual Membrane.
The investigations which I have Just 
recorded would seem to demonstrate beyond cavil that 
the transmission of the fluid from blood vessel 
to tissue is dependent on protoplasmic changes which 
are set in action by the presence of the chorionic 
elements. The part played by the endothelium and 
the connective tissue cells in the process is easily 
demonstrable. That the remaining elements composing 
the uterine wall, namely the muscle, contribute their 
share to the process can hardly be doubted. It has 
been seen that,especially in the proximity of the 
tumour cells, there is present a marked degenerative 
change in the muscle fibres. They swell up, their 
contour becomes obscure, the nuclei disintegrate 
and there is produced a homogeneous, structureless 
material. There is present»especially in the neigh­
bourhood of the foetal cells, a gradual thinning out 
and disappearance of this fibrinous mass. That the 
removal of the muscle fragments is due to a direct 
absorption or phagocytosis on the part of the chorion­
ic cells is unlikely. In none of my sections is 
there/
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there any evidence of this process. In this respect 
my specimens entirely coincide with those of Teacher. 
The fact,moreover, that the softening and disappear­
ance of the remnants of the muscular tissue is found 
at a considerable distance from the tumour cells 
would tend to indicate that some other process must 
be advanced to explain the phenomena. It seems to 
me certain that there has been induced by the 
chorionic activity a change in the muscle fibres 
which culminates in a breaking up of their substance 
and a subsequent solution of the products of dis­
integration. What these products are we are again 
unable to state with certainty. The fact, however, 
that I have frequently been able to detect in my 
specimens changes in the muscle fibres which coincide 
in every respect with those exhibited by the endothe­
lial and the connective tissue elements, would in­
dicate that with the progressive degeneration to 
which they are subject, we have associated chemical 
protoplasmic changes of the same order. In Plate 
XVII is represented a condition exhibited by the 
muscle fibres in my sections. There has taken place 
an absorption of fluid which has accumulated in 
definite vacuoles in the cell substance, and has 
displaced this in an outward direction. Hero again 
we/
310.
we have obviously the same osmotic phenomena in evi­
dence, phenomena which are amenable to one explana­
tion and one only, namely that in association with the 
muscle changes there has occurred a liberation of 
crystalloidal elements, with a consequent osmotic 
diffusion into the interior of the fibre. These 
changes are again exhibited in all degrees. With 
them, however, as we have indicated, there is apt to 
be a speedy disappearance of the muscle substance, 
which seems to pass into solution with great readi­
ness. This fact, in all probability, explains why 
in my sections the actual process in operation is apt 
to be quickly obscured. (piate XVII.)
We are thus furnished with evidence in 
favour of the belief that in the dragging of the 
fluid into the tissues the disintegrating muscle 
plays a part. The appearance just noted will be seen 
to coincide in many respects with the changes which 
are well-known to occur during the digestion of muscle 
etc., in vitro.
Recent research on experimental lines would seem to 
indicate that the chorionic structures are provided 
with an enzyme or enzymes which have the faculty of 
digesting muscle etc., and of transforming their 
protein/
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protein constituents into substancescrystalloidal in 
nature. If this evidence be trustworthy we are 
supplied with information of a most convincing kind 
in favour of the conceptions I have advanced above.
Our histological investigations, then, 
have furnished us with evidence which points to the 
fact that in response to the influence of the foetal 
cells there have occurred widespread chemical altera­
tions in the cells which are accompanied with an 
elevation in their intracellular osmotic tension. 
These changes, we have now been able to discover, are 
exhibited by all of the three important cellular 
elements of the uterine wall,namely the endothelium, 
the connective tissue and the muscle cells. The 
fluid escape»which these changes induce, is sometimes 
easily traced by stages from the innermost portion 
of the vessel wall, through the outer part and 
ultimately into the tissues. In some cases, however, 
the immediate environment of a vessel, which has 
resisted the teasing-out of the wall thus caused, is 
found to be the seat of a well-marked oedematous in­
filtration. In such a case we are, I think, justi­
fied in thinking that the colloidal membrane essen­
tial to the process has been formed by the entire 
thickness/
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thickness of the wall, which in these instances is 
usually especially compact. In the other condition, 
where the fluid has gradually leaked through the wall, 
leaving its track behind it, the colloidal membranes 
have been formed by the successive parts of the vas­
cular wall. These are apt in the process to give 
way, probably in a manner which I have indicated in 
connection with the Pregnant Tube. When
such occurs we have the production of a breach in the 
wall,through which the corpuscular elements may es­
cape. In Figure 128 is shown the earliest stage 
of the process. Here the blood has passed into the 
vessel wall and has accumulated under the uplifted 
endothelial sheet. Though there is no gap visible 
in this figure, it would seem-likely that for the 
passage of the corpuscles from one region to another 
a complete breach is essential. In this vessel it 
is probably present at another level. The next stage 
of the process I have indicated on Plate XVI • Here 
the fluid infiltration has resulted in a teasing 
apart of the walls to the extent of permitting an 
escape of the red cells into the media. In some 
instances the red cells may be followed a stage fur­
ther, i.e. through the vessel wall into the adjoin­
ing tissues. (Plate VIX. ). This is especially evi­
dent in the proximity of the foetal element: and, on 
the/
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the whole, except here, is a condition of rarity in 
vessels of any thickness.
Throughout the uterine wall there is, even at a dis­
tance from the tumour cells, a more marked haemorrha- 
gic escape from the finer vessels. (Fig. 132. )•
Enough has been said, I think, to indicate 
that the leakage of the red cells is dependent on the 
dropsical exudate. In fact the escape of the fluid 
constituents of the blood must be considered, in the 
light of the above-recorded investigations, as the 
precursor of the escape of the more solid elements.
How is this actually accomplished? Is It due solely
to the fact that the breaches created in the vessel 
walls have permitted a mechanical extension of the 
red corpuscles, or is it the case that the sucking or 
imbibing of the fluid from the vessel lumen is as­
sociated with a continual stream from the vessel, 
which, after the breaking down of the tissue barriers 
In the way we have indicated, at last drags out the 
blood cells? That this may occur is rendered pro­
bable by the fact that the fluid tracks can be traced, 
often with distinctness, to extend from a vessel 
through a large territory of the uterine wall. This 
is not unlikely to be explained by the fact that in 
its progress into regions of continually higher and 
higher/
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higher osmotic tension there is induced, a constant 
streaming from the vascular lumen. Whether we have 
to deal with the former process, namely the vis a 
tergo, or the latter, the vis a fronte, it is, how­
ever, impossible to assert with precision. From 
what we have observed, however, it seems not unlikely 
that the latter must play an important part. It, 
moreover, explains how the immediate surfaces of the 
chorionic masses are often bathed in maternal blood.
The tissue changes are more and more marked as we 
approach the foetal cells, and reach their maximum 
in the Immediate proximity of these elements. This 
would imply that there is produced a gradient of os­
motic tension rising, probably rapidly, to the chorion­
ic surface. This would result in a streaming of the 
fluid and corpuscles towards the chorionic surface from 
the vessels in this region. (Plate XIV.).
It would seem not unlikely that an addition­
al factor tending to lead to an attraction of the 
blood to the chorionic surface is to be found in the 
fact that the foetal cells must be actively imbibing 
the tissue fluid in their immediate proximity. This 
would result in a keeping up of the flow from behind 
and an ultimate flushing of the surface with red cells 
whose numbers would tend to increase as more and 
more /
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more of the fluid was hurried forward to supply the 
wants of the chorionic cells. The evidence which 
we have in the shape of a structural adaptation of 
the chorionic surface for such a process of active 
imbibition will be touched on in a subsequent section 
of this research.
I have adduced sufficient evidence to in­
dicate that in the escape of the fluid and red cells 
from the vessels at a distance from the foetal ele­
ments there must be in operation something more than 
a mere mechanical extension through the vessel walls. 
In view of the fact that I have entered fully into 
this point in my description of the changes in the 
pregnant tube, which are similar in every respect 
to those described here, I have deemed it unnecessar3̂ 
to re-open the discussion in full on this occasion. 
After what has been said it will be clear, I think, 
that so far from the facts being accounted for by a 
squeezing of fluid from the vessels, where it in 
under an increased pressure, the fluid which escapes 
into the tissues is actually under a hydrostatic 
pressure in excess of that exercised on the vessel
walls. In proof of the fact that this is not
dependent on a vital or, at any rate, a secretory
activity on the part of the endothelial cells, I
would/
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would again refer the reader to the manner in which 
this possibility was disposed of in connection with 
the section devoted to the changes observed in the 
pregnant tube. The vacuolation of the endothelial 
cells here again is in all probability not an in­
dication of a specialised functional activity; but 
merely an incident- in the changes which are respon­
sible for the fluid transmission. This being so., we 
are left, in our quest after the secret, to altera­
tions in the tissue elements, and enough has been said, 
I maintain, to indicate the probable nature of these 
changes and the manner in which they act.
OTHER CHANGES IN THE THIN-WALLED VESSELS.
As already noted,round the fine vessels 
there is a well-marked oedematous exudate, with , in 
many places, even at a distance from the chorionic 
cells, a haemorrhagic escape. In many instances one 
can detect the red cells streaming through the thin 
walls into the adjoining tissues. Thi3 is, for the 
most part, especially evident in the jjroximity of the 
ovum. It is often well in evidence where there are 
within/
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within a considerable distance no cells in the least 
resembling the chorionic elements. It is, in all 
likelihood, dependent on the tissue changes to which 
I have already referred. In the near proximity of 
the foetal cdlls it is often possible to detect a 
greater exodus of the red cells on that aspect of the 
vessel which is nearest the site of the tumour in­
vasion. Here also the oedematous
ploughing up of the surrounding tissues is often more 
marked than round the rest of the vessel circumfer­
ence. These phenomena must depend on the fact that 
the tissue changes, which result in a liberation of 
crystalloidal elements, are determined by some in­
fluence emanating from the foetal cells, and which 
is more and more marked the nearer these are approach­
ed. The greater blood escape from the vessels 
nearest the ovum is thus easily understood. It ob­
viously is to be interpreted as an explanation of 
the mode in which the surface of the foetal masses 
are,during their advance into the uterine wall, kept 
continually bathed in the maternal blood (fluid and 
corpuscles ) from which they abstract their nourish­
ment. An attempt will be made in a later section to 
demonstrate that the process just described consti­
tutes the chief mechanism, and, in all probability, 
the/
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the only mechanism by which the foetal masses are 
furnished with their pabulum in the shape of the ma­
ternal blood. A direct infiltration of the vessel 
walls is to be looked upon merely as an incident in 
the process of the foetal invasion and possesses no 
more importance than that associated with the manner 
in which the other maternal tissues are opened up 
and destroyed.
In Plate XIV is represented the conditions 
typically present. On the upper aspect is seen a mass 
of tumour cells, with large nuclei. The muscle in 
the proximity is in places markedly degenerated.
Lower down a long thin-walled vessel is seen sur­
rounded by a haemorrhagic escape. There are no cells 
in the least resembling chorionic cells in the im­
mediate proximity with the exception of a large darkly 
staining cell with two nuclei. Whether this is 
foetal or maternal it is impossible to say with cer­
tainty. The plate demonstrates beyond doubt the ex­
istence of the blood leakage without a direct invasion 
of the walls. It is taking place not only towards the 
foetal mass but also into the tissues on the remote 
aspect, due to the tissue changes I have referred to.
On the right side there are appearances which suggest 
that a new capillary formation is occurring. Whilst 
the/
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the exact changes are obscured 3n this vessel for a 
reason I Have mentioned, they are clearly discernable 
in the thicker vessel on the lower aspect. Here on 
one side there is seen a marked swelling of the 
tissues on the inner aspect of the wall, obviously 
due to an active fluid imbibition.
The same changes are also well seen in 
Plate XV. Here there is a haemorrhagic escape from 
the small vessels before the actual foetal invasion 
has reached them. The same endothelial changes are 
present. This plate also shows at one place the 
wholesale opening out of the wall of a vessel before 
the arrival of the chorionic elements. In this way 
the vessel lumen actually advances to meet the invad­
ing cells. Here the process is clearly due to a 
solution and giving-way of the vascular and surr­
ounding tissues.
In the proximity of the smaller vessels 
there is, in many places, a marked leucocytic emi­
gration into the tissues. I have not been able to 
discover in my sections that this is most marked in 
the neighbourhood of the chorionic cells. It Is 
often distinctly marked at a long distance from these. 
The leucocytes are chiefly of the polymorphonuclear 
type.
Besides the vascular changes associated
with /
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with an increased fluid and corpuscular escape, there 
are other alterations of considerable interest and 
importance. These fall into two classes. In the 
first place, scattered throughout the uterine wall 
there has occurred the formation of large sinus-like 
expansions of the fine-walled vessels, the walls of 
which are formed b3̂ a single endothelial layer. In 
the second place, there is found in some places the 
formation of new capillary vessels. We thus note 
that in this respect the changes in the thin vessels 
coincide with those which I have described in con­
nection with the wall of the pregnant tube. The 
actual mode of production of these sinuses and new 
vessel branchings, also, would seem to conform in 
every detail with that which I have recorded in con­
nection with the pregnant tube. My specimens of 
chorion-epithelioma unfortunately do not permit of 
such a perfect study of the cellular changes res­
ponsible for these vessel alterations, which, we 
shall remember, were demonstrated in some of my sec­
tions of the pregnant tube in a manner which was al­
most diagrammatic in its clearness. In some places, 
however, we have the successive steps in the two 




Here again the two changes, the vascular 
expansion, and the new vessel formation,are probably de­
pendent on the same common factor, namely the cellu­
lar alterations which we have noted to occur through­
out the uterine wall. I have, in a preceding page, 
referred to the fact that, in many places, the en­
dothelial cells and the connective tissue cells are 
distended with fluid imbibed as the result of some 
protoplasmic changes which have determined an in­
crease in the intracellular osmotic tension. These 
changes we have seen must, in some way or other, be 
dependent on the chorionic activity and they must 
be associated with a liberation of crystalloidal 
elements. They are widespread throughout the wall 
of the uterus.
MODE OP FORMATION AND STRUCTURAL CHARACTER 
OP PINE-WALLED SINUSES.
In this section I wish to refer to the 
sinus-iike vessel expansions, which are scattered 
about the uterine wall. Their boundaries are formed 
by a layer of flattened cells. In sice they exhibit 
great variation. Some are comparatively small, 
whilst/
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whilst others have in their formation extended 
through a large territory of the uterine wall. They 
vary greatly in shape. In some places they possess 
a uniformly circular or oval contour. for the most 
part, however, they have irregular boundaries. In 
man:7 cases their outlines are extremely uneven, and 
the shapes assumed would seem to be determined to a 
large extent by mechanical influences. Thus they 
are often seen to shirt muscle bundles or to in­
sinuate their way between two muscle masses. In 
this way there are often produced marked differences 
in their diameter at different parts of their course. 
Where there has been an obstacle to their expansion 
they have remained narrow, sometimes with a width 
not more than that of a fine capillary. Beyond the 
mechanical obstruction they again expand, only, 
perhaps, to becomQ attenuated at a further part of 
their course. ( Figures 136-143). For the most part 
their number and size are greater the nearer the 
chorionic elements are approached. It will thus be 
seen that in their characteristics they closely re­
semble similar structures which I have described in 
the wall of the pregnant tube. They likewise 
correspond closely to the sinus like expansions 
which/
which are found in the uterine wall d\iring an ordinary 
pregnancy. it would seem more than likely that in 
their formation they must conform with these, and for 
this reason any light which I can cast on their mode 
of production will probably apply to the pregnant 
uterus.
The way in which the expansion of the 
wall of such a space is brought about is sometimes 
clearly discovered by a close study of the cellular 
changes in the endothelial lining and the immediate­
ly apposed to connective tissue cells. Where a vac­
uolated connective tissue cell lies against a vacuo­
lated endothelial cell there is apt to be an amalga­
mation of the cell spaces. . The fluid
imbibition in each case must depend on a chemical 
alteration in the protoplasm of the cell with the 
production of an enhanced intracellular osmotic 
tension. The exact manner in which the fusion of 
the two cell spaces occurs it is difficult to say.
Is it due to a disappearance of the cell membranes 
intervening between the fluid spaces of two entirely 
distinct and independent cells, or is not rather 
merely due to a passage along and expansion of the 
protoplasmic communications which we can often de­
tect passing between the endothelial and the con­
nective/
connective tissue cells? We have already seen that 
this latter explanation in all probability accounts 
for the creation of the longitudinal fluid tracks 
which is often seen to be formed by similar changes 
in connective tissue cells, which are placed end to 
end, and. it also explains the manner in which two 
such altered connective tissue cells which, lie side 
by side amalgamate to form a more or less circular 
space bounded by two cells. However formed there 
can be little doubt that the fusion of the fluid 
vacuoles of the endothelial and the connective tissue 
cells results, subsequent to a disappearance of the 
dividing inner cellular film, in a carrying outward 
of the vessel lumen to a corresponding extent. By 
means of this process there is rendered possible a 
gradual extension of the boundaries of the sinus 
till it ma}' reach the proportions we have indicated. 
If the change occurs uniformly all round the circum­
ference of the blood space there is a symmetrical 
and equal increase in the diameter. If, however, a 
muscular bundle or some other obstacle becomes Inter­
posed in its path of advance, the increase In that 
part becomes impeded with the result already noted.
We see then that this process of vessel expansion is 




in the cells and, secondly, influences which are 
purely mechanical in nature. it is interesting to 
note how the expansion occurs at the expense of the 
surrounding connective tissue cells, which have the 
faculty of ranging themselves into line to form an 
endothelial layer. This fact would seem to indicate 
in the clearest terms the existence of a close 
structural relationship between endothelium and con­
nective tissue cell.
NEW VESSEL FORMATION.
In none of my specimens of chorion-epithe- 
lioina have I been able to discover this process to 
the extent in which it was exhibited in the wall of 
the pregnant tube. Where present, also, the steps 
of the process are never delineated in the convincing 
manner visible in the wall of the tube. The fact 
that I have been able to demonstrate the same endothe­
lial and connective tissue changes, and the fact that 
in its results the new vascular formation is the same 
as in the former site, suggests that the same proto­




IS A DIRECT INFILTRATION OF THE VESSEL WALLS BY 
THE CHORIONIC CELLS THE CAUSE OF THE 
BLOOD ESCAPE?
I have in several places referred to the 
fact that according to Teacher and others the tumour 
masses in the case cf chorion-epithelioma are fur­
nished with their supply of maternal blood only after 
they have invaded and opened up the uterine vessels. 
The destruction of the vascular wall is followed by 
a mechanical escape of the contained blood which then 
flows over the surface of the foetal masses. The 
bathing of the foetal cells by maternal blood is also 
according to these observers determined to a smaller 
extent by the fact that after working their way 
through the vessel walls the tumour cells may spread 
along within the vessel lumina, either lining free or 
attached to the inner aspect of the wall.
With regard to the occurrence of this latter 
process I am in entire accord with the above-mentioned 
observers. I have often noted it in my sections.
I am inclined to believe, however, that from the point 
of view of affording an explanation of the manner in 
which the chorionic cells come into oontact with the 
maternal blood it occupies a position similar to the 
process/
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process by which the surface of the villi which bore 
their way into, and spread along, the maternal ves­
sels (probably veins) in the uterus in ordinary preg­
nancy, and in the pregnant tube, come to be bathed in 
the maternal blood. In other words jt must be con­
sidered to play a part of comparative unimportance; 
only the regions of the chorionic masses projecting 
into the vessels can In this way and without some 
other mechanism be supplied with their nourishing 
fluid. Is this other mechanism to be sought for in 
the fact that the breaches created by the chorionic 
cells in the walls of the vessels permit a wholesale 
escape of the contained blood by virtue of the intra- 
vascular pressure?
The conclusions which I have come to on 
this subject are best summarised by repeating what 
I have several times stated, namely that the extension 
of the chorionic elements through, and into, the 
vessels is to be considered not as a feature of the 
process which is essential to the growth of the 
tumour masses, but rather merely as an incident in the 
invasion of the uterine wall by the foetal cells.
In many places the tumour cells are 
found to have replaced the tissues forming the vessel 
wall and are seen to project, usually by a fairly 
extensi ve/
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extensive surface, into the vessel lumen. (Plates 
XIV - xv). In other places one can see the foetal 
cells approaching the vessel but still separated by 
a portion of the uterine wall from the lumen.( Figure 
136. ). Across this intervening septum it is
often possible to detect the streaming of the red 
cells towards the tumour elements and this even when 
the vessel confines are still apparently intact, or 
at any rate certainly before any of the chorionic 
cells have extended as far as them. (Plate XIV)•
At the same time the maternal tissues 
are usually spread apart by an oedematous infiltrate. 
These observations, which I have been able to mafce 
in all my sections with the utmost certainty, prove 
beyond doubt, as already stated, that for an exodus 
of the fluid and corpuscles a direct infiltration 
and destruction of the vascular walls is not es­
sential. Where this process is encountered it must 
be regarded merely as incidental to the general in­
vasion of the uterine tissues by the foetal structures.
In connection with this spread of the 
tumour cells into the vessel lumen there are some 
appearances which tend to indicate that it does not 
consist in a mere passive destruction and replacement 
of the vessel walls by the invading tumour cells, 
in/
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In many places I have been able to detect a gradual 
opening up of the vessel walls and advance of the 
blood cavity thus produced through the maternal tissues 
to meet the chorionic masses.
We shall better understand what occurs on 
these occasions by a study of the changes which occur 
in the walls of a vessel into, and along, which a 
mass of the tumour cells have grown. As we have 
already noted this is a condition usually not diffi­
cult to find in a section of the uterine wall which 
is the seat of a chorion-epitheliomatous invasion.
The same changes are detected where an embolus of the 
tumour cells has lodged within a maternal vessel. As 
has been pointed out by Teacher, in such a case there 
is apt to be a gradual expansion of the vessel, which 
may attain a diameter greatly in excess of that of 
the contained tumour mass. In this change Teacher 
rightly sees an analogy to what occurs in the preg­
nant uterus, where, as is well-Known, there is a 
gradual recession of the uterine mucosa before the 
foetal elements. This provision,which is essential 
to the formation of the intervillous blood space, 
results in the production of a gestation cavity in 




contained ovum. I have referred to the same change
in the wall of the pregnant tube. In the account of
the changes which were present in the uterine mucous
membrane in the case of their early embryo, Bryce and 
13
Teacher somewhat amplify the original observations of 
the latter writer. In page 42 of that publication 
they make the following statement. "We may here 
digress for a moment to point out a very suggestive 
analogy with the normal ovum in respect of its in­
fluence on adjacent maternal tissues, presented by an 
embolus of chorion-epithelioma in its development into 
a secondary tumour. The embolus, usually somewhat 
larger than the imbedding ovum, lodges in the fork of 
a blood vessel, the wall of which soon shows degenera­
tive changes identical in character with those seen 
in the decidua around the present ovum. These occur 
prior to the invasion of the tissues by the tumour 
cells. The injured blood vessel dilates into a more 
or less globular aneurismal cavity, and there may be 
considerable growth of the embolus in its interior 
before invasion begins. The blood in the neighbour­
hood of the embolus does not coagulate until secondary 
changes, which need not be discussed here, bring about 
that result. After a time the tumour elements in­
vade the maternal tissues and the embolus becomes 
attached./
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attached. At this stage appearances may he found 
very similar to those around the margin of Peter's 
ovum.
The formation of the aneurism with its 
necrotic wall round the embolus finds a parallel in 
the behaviour of the decidua round the human ovum.
We may assume that, as in the case of the guinea-pig 
ovum, there is primarily destruction of a fairly wide 
zone of tissue, which draws away from the ovum partly, 
at least, on account of the swelling which accompanies 
coagulation necrosis. The shed blood must further 
stretch the soft decidua Just as the wall of the ves­
sel is stretched into the wall of an aneurism, and 
the necrotic zone of the decidua is removed, like the 
necrotic wall of the aneurismal sac, before attachment 
can take place. Also, as in the case of the embolus, 
the necrosis is at first progressive, but soon, reac­
tion taking place in the surrounding tissue, it be­
comes more capable of resistance, and consequently of 
effecting a union with the trophoblastic processes, 
as will be described later".
These remarks of Bryce and Teacher indicate 
clearly the close resemblance between the effects of 
the chorionic cells on the maternal tissues, whether 
it/
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it be in the case of an abnormal development such aa 
in the condition we are at present considering, or in 
the case of the normal ovum imbedded in the uterine 
raucous membrane. It would seem clear that an under­
standing of the maternal changes responsible for the 
gradual expansion of a vessel, in which a chorion 
epitheliomatous mass is lodged, will probably help as 
in our attempt to solve the secrets underlying the 
manner in which the uterine mucous membrane reacts to 
the growing ovum under ordinary circumstances.
In his description of the changes by which 
there occurs a gradual expansion of the walla of a 
vessel within which there is lodged a tumour mass, 
Teacher has confined his attention to those vessels 
in whose walls there is present a marked degenerative 
change. In many of my sections I have been able to 
note an aneurismal expansion of vessels containing a 
clump of the foetal cells, in which the walls are 
formed by a complete layer of flattened cells. In 
some places this expansion of the vessels has oc­
curred to an extreme degree and apparently In response 
to the activity of a comparatively small clump of 
the tumour cells. (Figures 139-140). Such a blood 
space corresponds in every respect to the sinuses v/hich 
we have seen to be scattered through the muscular wall 
of/
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of the uterus. These I have pointed out are formed 
not by a gradual meohanioal giving way of degenerative 
tissues, but by a process in which active changes in 
the endothelial and connective tissue cells are seen 
to tafce a prominent part. These changes, which must 
be dependent in some way on the chorionic influence, 
result in a gradual invasion of the surrounding tissues 
by the expanding blood cavity, and are associated 
'with an incorporating within its walls of the altered 
connective tissue elements. These I have shown 
are endowed with the faculty of ranging themselves 
into line with the original intimal cells and of thus 
forming a new endothelial layer. This process of 
vascular expansion is dependent on the intracellular 
changes which are responsible for many of the pheno­
mena associated with the presence of the foetal ele­
ments. These so alter the chemical composition of 
the cell substance as to determine an imbibition of 
fluid with a vacuolation of the cell body. In many 
cases this process culminates, especially in the case 
of the degenerating muscle, in which the same changes 
are visible, in a wholesale transformation of the cell 
substance into materials, which pass into solution in
the imbibed fluid.
Does the aneurismal expansion of the
vessels,/
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vessels, to which we have referred, demand the intro­
duction of a process different from that just men­
tioned and which, I have shown, suffices to explain 
the sinus-like vascular distension in other places?
As the results are similar in every respect, with the 
exception of the fact that in the vessel with the 
embolus or tumour extension, the immediate proximity 
of the chorionic elements has resulted in a greater 
degree of expansion , it would seem probable that in 
each case we are dealing with exactly the same pheno­
mena. That this is actually the case I have been 
convinced by a study of the changes in the endothe­
lial and adjacent connective tissue cells round the 
margin of such an expanding vessel. One can often 
detect the results of the same osmotic changes to 
which I have repeatedly called attention.(Plato XV, 
lower part). In most places where the maternal tissues 
have receded from the chorionic cells, the degenerative 
softening changes have obscured, often quite beyond 
recognition, the actual steps of the process. Here 
again, however, we can sometimes detect, through the 
veil cast over the changes by the disintegration pre­
sent, exactly the same process in operation. In the 
case of a thicker walled vessel in which the same 
process may be found, the muscular tissue present is 
often/
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often so markedly degenerated as to render a satis­
factory study of the successive steps of the change 
impossible. In all the various types of vessel in­
volved in the process of progressive expansion in 
consequence of the chorionic activity it is, however, 
possible in many places to distinguish the fact that 
we have in operation factors other than those sug­
gested by Teacher. Again we can determine the ex­
istence of a direct fluid imbibition by the tissues.
We see a swelling up of the endothelial and connective
tissue cells, and often also of the muscle fibres by
(Plate XV and figure 146). 
fluid derived from the adjacent blood lumen. In
fact we can often discover with certainty that as 
before, the opening up of the tissues by the fluid is 
determined by osmotic changes in the tissue elements, 
changes, moreover, which result in a teasing asunder 
of the vessel boundaries by a force greater, and pro­
bably much greater than that of the intravascular 
pressure. After a separation of the inner portion 
of the wall occurs, the constituent elements are so 
opened out that in t! is region we lose sight of the 
process completely, It can now, however, often be 
seen advancing in the same way into the more external 
structures. These, in their turn, become opened out 
and/
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and. displaced in the same manner, till ultimately we 
may have produced a blood space vastly greater than 
that originally present. That this may occur is 
demonstrated by finding the blood channel shrinking 
often to meagre dimensions immediately beyond the 
region of the tumour mass. The difference between 
this process and that which results in a more or less 
uniform expansion of the vessel wall, will be seen 
to be one more apparent than real. In each case the 
predominating influence is a change in the tissue 
elements, which determines an active absorption of 
fluid from the vessel lumen. In these phenomena we 
have exemplified a fact of considerable interest and 
importance, namely that the presence of the tumour 
elements, under some circumstances, besides leading 
to changes which determine a flow of the blood con­
stituents towards their vicinity may so act
as to result in a streaming away of the fluid (and 
sometimes of the corpuscles) from the position which 
they occupy. I mention this fact, because it seems 
to me to demonstrate in a convincing manner the im­
portant cole, which alterations in tissue composition 
play in the transference of the blood from vessel to
adjoining structures.
In many cases such expansions of the
tumour-containing/
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tumour-containing vessels may occur in an extremely 
irregular manner - instead of being more or less 
smooth in outline the resulting blood space may ex­
hibit an irregular and ragged margin. This depends 
on the process having involved some parts of the wall 
more than others. (Figure 146 ).
In addition to this simple imbibition of 
fluid by the endothelial and connective tissue cells, 
which subsequently become displaced in an outward 
direction, there are other changes of considerable 
importance, which are exhibited in such an aneurismal 
formation in the course of the affected vessel. Here 
again there is found a thinning out and disappearance 
of the tissue elements, especially involving the mus­
cular fibres. These, as I have pointed out on a pre­
ceding page, after exhibiting alterations which point 
to the fact that they are the seat of katabolic 
changes, associated with the liberation of crystal- 
loidal elements, soon undergo a progressive softening 
and breaking up, and ultimately disappear altogether. 
This can be explained only by assuming that the 
chorionic influence has led to a sort of digestion 
of the fibres, which then pass completely into solu­
tion in the imbibed fluid. The same changes are 
sometimes seen, though never to anything like the 
same degree in the connective tissue elements, 
in/
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In view of these investigations I venture 
to assert that the gradual expansion of the affected 
vessels in an aneurisraal manner is dependent, in the 
main, on factors which have hitherto escaped detec­
tion. In the first place as the result of the 
chorionic influence we have changes in the tissue 
cells by which there is set into action an imbibition 
of the blood fluid. The steps of the transference 
of this fluid into the tissues can often be traced 
with ease. It naturally,to begin with, is most evi­
dent in the immediate proximity of the source from 
which it is drawn, i.e. the vessel. The walls of 
this are gradually teased out and in some cases 
dissolved. This process working its way outwards 
by more or less easily recognised stages may ultimate­
ly lead to the production of a relatively enormous 
blood space, the boundary of which is often ragged 
in appearance. We thus see that the next essential 
to the occurrence of this vessel expansion is the 
blood fluid. If our conception of the changes be 
correct this acts not by virtue of the hydrostatic 
pressure existent in the vessel, but is essential 
merels' for the completion of the intracellular 
changes and the dissolving process which underlie 
the ultimate giving way of the vessel wall. I have
339.
stated, that the intravascular pressure in all pro­
bability takes a comparatively unimportant share in 
the production of the changes. I make this state­
ment advisedly because in many cases I have been able 
to convince myself that the changes have been de­
termined apparently in their entirety by the osmotic 
alterations in the tissues. In this respect my 
present investigations coincide with those made on 
the way in which the vessels open up in the wall of 
the pregnant tube.
So far we have been concerned with the ex­
pansion of the vessels into aneurismal cavities as 
it occurs in response to the influence of a tumour 
mass contained within the corresponding vessel. It 
is often possible to detect changes exactly similar 
in vessels which do not contain such embolic or ex­
tension portions of the chorionic clumps. We have 
already referred to the fact that throughout the 
uterine wall there is evident, even in the thicker- 
walled vessels, a process of teasing apart of the 
endothelial and muscular layers. Only rarely does 
this culminate in a complete giving way, but it must 
be considered as similar in nature to the process to 
be immediately described. This change in the thick­
er vessels as we have noted is most marked in the 
immediate/
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immediate proximity of the ovum.
In the poorly supported vessels, and es­
pecially in vessels whose walls consist merely of an 
endothelial layer, these oedematous changes often 
result in a wholesale separation of the constituent 
elements and an expansion of the blood cavity at the 
expense of the surrounding tissues. In many cases 
this takes the form of a more or less uniform dis­
tending of the vessel, which in the process continu­
ally adds to its endothelial layer, which throughout 
remains complete, the connective tissue cells which 
are encountered. This change results, as I have 
demonstrated, in the formation of the sinuses which 
are richly scattered throughout the muscular wall.
In other cases, however, the expansion is more ir­
regular in nature and results in the production of a 
space with an uneven and often very ragged outline 
apparently still in the process of burrowing into the 
surrounding tissues. This change is
entirely comparable in its nature to that which leads 
to a similar expansion of vessels in which parts of 
the tumour are located. On Figures 145 & 147 are 
shown such spaces; - we note the irregular contour 
which they exhibit and we observe how arms of the 
main cavity are being projected into the surrounding 
tissues./
341.
After this description of the vascular 
changes, y/hich though varying greatly in their re­
sults, are dependent on the same fundamental cause, 
we are now able to understand the appearances often 
presented by a vessel when a clump of the chorionic 
cells is advancing towards its neighbourhood. I have 
already referred to the fact that the manner in which 
the foetal elements reach the intravascular lumen is 
not wholly due to a simple destruction of a vessel 
wall, which,in the process, acts a part entirely pas­
sive in its nature« We can understand how an ap­
pearance which is frequently observed, namely that, 
before any of the foetal cells actually reach the 
vessel,the walls of this often become teased out and, 
especially in the case of a thin-vmlled vessel, may 
virtually advance through the tissues to meet the in­
vading cells. ( Figures 136-7and Plate XV ). The pro- 
* cess underlying this remarkable phenomen is exactly 
the same as that which determines the expansion both 
of the tumour-containing and the tumour-free vessels, 
and is determined by the chorionic activity which 
sets into action the tissue changes, to which I have 
often referred. We thus discover that the passage 




intervene between the advancing tumour masses and the 
neighbouring vessels, and the opening up of the ves­
sel walls before the invading foetal cells are de­
pendent on the same common factor. The giving way 
of the vessels in this way is often most evident on 
that side of the vessel which is nearest the chorionic 
cells. (Plate XV )♦ and still before there has oc­
curred a projection of even isolated foetal cells as 
far as the vessel wall. It is, at first sight, 
rather remarkable to note that the same opening out 
of the vascular wall has often occurred also on the 
more distant aspect. In view of what I have said 
with regard to the vessel changes in general we 
should, however, have no difficulty in understanding 
the rationale of this.
SUMMARY OP VESSEL AND TISSUE CHANGES IN 
CHORION-EPITHELIOMA.
By a study of the histological changes 
which are induced in the uterine wall bjr the presence 
of the chorion-epitheliomatous masses we are thus 
enabled to draw the following conclusions:—
(l) The chorionic influence in some way or other 
determines the occurrence of protoplasmic 
changes/
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changes in the cells, which lead to their 
imbibing fluid which can often be seen 
to have accumulated in the cell body 
under a hydrostatic tension clearly high­
er than the pressure of the intravascular 
blood and of the fluid in the surrounding 
tissue spaces . This we have seen can 
be explained only by assuming the oc-
the cell substance which is associated 
with the liberation of crystalloidal 
elements. These raise the osmotic 
pressure of the cells and lead to a dif­
fusion of fluid across the colloidal mem­
brane formed by the cell protoplasm.
These changes we have noted without the 
least possibility of doubt in the endothe­
lial cells and in the connective tissue 
cells. In many places we have been able 
to detect an exactly similar process in 
regard to the muscular fibres. In other 
words, all the cellular elements of the 
uterine wall are involved in these proto­
plasmic changes. The exact nature of 
these chemical alterations is so far still 
beyond/
some chemical alteration in
beyond our grasp, but as to the effect 
which they produce we are left little 
room for doubt.
In this section of my researches 
I have, to obviate the necessity for con­
stant repetition, been content with mere­
ly mentioning or, in some instances, 
leaving to be understood, many of the 
changes to which I have referred in great­
er detail in the discussion of the changes 
exhibited in the uterine mucosa and 
in the wall of the pregnant tube.
(2) These changes are responsible for the well-
marked oedematous infiltration from the 
vessels which characterises the uterine 
tissues in a case of chorion-epithelioma. 
They, moreover, amply account for the 
blood escape from the vessels into the 
neighbouring tissues and towards the 
chorionic surface. This is dependent 
on active tissue changes which determine 
a sort of suction into the tissues of the 
maternal blood.
(3) An escape of the blood by merely mechanical
means from a broken down vessel wall does
not suffice to explain the manner in 
which the foetal elements derive their 
nourishment. On the contrary the foetal 
cells are often seen growing towards the 
site from which the blood fluid and cor­
puscles are flowing. The significance 
of this I have touched on in connection 
with the pregnant tube. The many and 
varying vascular changes which are seen 
are dependent on the same common factor, 
namely the above-noted tissue changes, 
which the foetal cells provoke. They 
explain the gradual expansion of the 
vessels both into endothelium-lined 
sinuses and into irregular and ragged 
spaces. Both conditions may occur with 
or without the presence of the tumour 
cells in the vessel lumen. Where the 
wall is uneven and disintegrating this 
merely indicates that the muscular (or 
sometimes the connective tissue elements) 
are succumbing to the influence causing 
the protoplasmic changes. Even here 
the expansion is probably due chiefly to 
an active fluid imbibition with a sub­
sequent/
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subsequent tissue displacement or solu­
tion.
DECIDUAL FORMATION IN THE UTERINE WALL 
IN CHORION-EPITHELIOMA.
In man?/ of my sections there is a well- 
marked enlargement of the connective tissue cells of 
the uterine wall. This change is comparable in every 
respect to that seen in the typical decidual forma - 
tion. I shall refer to these changes at greater 
length in a subsequent section of this research.
STUDY of the CHANGES in the MATERNAL TISSUES 
other than the UTERUS, which are the SEAT 
Of CHORION-EPITHELIOMATOUS EMBOLI.
For this investigation I have had the 
opportunity of studying the changes as seen in the 
case of the lung. These correspond for the most part 
to the changes which I referred to in connection with 
the uterine wall. They have, in addition, afforded 
eiq the chance of observing the manner in which the 
embolic/
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embolic masses of the tumour may be strangled and 
ultimately destroyed by the haemorrhage which they 
provoke. For a description of these changes I would 
refer the reader to the admirable paper of Teacher 
already mentioned.
In the lung I have been able to observe 
the blood exodus occurring in exactly the same manner 
as that described above. I have also been enabled 
to discover that here again sinus-like vascular ex­
pansions are produced by a process identical to that 
described in connection with the pregnant tube, and 
the uterine wall in chorion-epithelioma. (Figures 149
and 150 ) •
t h e /
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THE CAUSATION of OEDEMA, as EXEMPLIFIED by the 
MENSTRUATING MUCOSA, by the WALL of the PREGNANT 
TUBE, and by the UTERUS in CHORION- 
EPITHELIOMA.
The investigations, which I have recorded 
in the preceding pages, in so far as they have been 
concerned to a large extent with the histological 
changes in the tissues which accompany the production 
of an oedematcus escape from the vessels, have pro­
vided us with information of considerable importance 
in regard to the etiological factors responsible for 
the process.
As already noted, in the escape of fluid 
from the vessels the possible causal agents are (1) 
an increase in intravascular pressure with a mechan­
ical filtration through the vessel walls, especially 
of the capillaries, (2) the endothelial lining of the 
vessels: this may act by virtue of physical and 
chemical changes which result in a variation of per­
meability (physical) or by virtue of a secretory act­
ivity of the individual cells (the “vital" theory of 
Heidenhain ). In the next place we have (3) changes 
in the tissues in the shape of protoplasmic alter­
ations with liberation of orystalloidal elements and 
the/
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the production of an osmotic diffusion stream through 
the vessel wall into the surrounding parts. In the 
production of an oedematous accumulation in the 
tissries we may have a pathological change involving 
one or more of the above agents which are concerned 
with the physiological lymph flew, and we may have, 
in addition, lymphatic obstruction with a consequent 
involvement of the channels by which the fluid is re­
moved from the tissues. The influence of the last fac­
tor in determining the abnormal fluid accumulation 
in the tissues, I have been unable to ascertain with 
any degree of certainty. That it must play a part 
would seem likely; it is probable that the degener­
ative tissue alterations are associated with wide­
spread involvement of the lymph vessels. The role 
enacted by this factor is, however, thrown into com­
parative insignificance by the discovery that, in the 
increased fluid accumulation, we have throughout the 
process, in a manner which is clearly distinguishable 
a manifestation of changes which determine an exag­
gerated transference of fluid from vessel to tissue. 
It is with these that we are especially concerned in 
cur present enquiry.
THE MENSTRUATING MUCOUS MEMBRANE.
Associated/
Associated with the blood escape during 
the process of menstruation we have a well-marked 
fluid infiltration of the tissues. This is most* 
evident in the mucosa immediate!;/ orior to the onset
of the menstrual flow i.e. in the premenstrual stage.
*■ | 
Under ordinary circumstances we have
seen that the exact process in operation is difficult 
to decipher. The fluid and blood escape in the 
ordinary mucosa is associated with an opening up 
and displacement of the cellular elements of a 
homogeneous tissue which is efficiently adapted for 
such a process, by virtue of its soft, mobile na­
ture. Under these circumstances it is sometimes 
impossible to state with precision whether tne dis­
placement is dependent en tissue changes or whether 
it is due to mechanical influences. I have shown, 
however, that, where there is a thickening of the 
vessel walls of the uterine stroma, we are furnished 
with information of an un-ambiguous nature in re­
gard to the actual changes involved in the fluid 
escape. In this condition it was shown that a ncch- 
anical filtration from the vessels to tne tissues 
failed to account for the histological changes pre­
sent. To explain these changes we are forced to ad­
mit the existence of protoplasmic alterations /nich
have/
•z r i
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have determined an active inhibition of fluid. This
process, for reasons which I need ;ot recapitulate,
*
is not confined to the lining: cells Mit is shared by 
the cells of the vessel wall and ' • nurrounding 
strcma. In fact, as I have indicated,it would seen 
that in the mucous membrane of the uterus all the 
elements of the vascular wall and of the surrounding 
stroma possess similar structural characters, and 
simply correspond to poorly differentiated units of 
the homogeneous protoplasmic material of v/hich the 
stroma is constituted. If this be actually the case 
it is impossible to recognise the existence of a spec­
ialised function on the part of the endothelial cells.
Whilst it was freely admitted at the tine 
that it would be unwise to apply deductions drawn 
from a study of the process as seen in the case of 
the pathologically ‘thickened vessels to the normal 
menstruating mucosa, the investigations which I sub- 
sequ©-- iy recorded confirmed the conclusions which 
were provisionally formulated and it was shown that 
the stru.ctu.re of the stroma must be considered to be 
adapted for a ready imbibition of the blood fluid.
The fact, that I have been able to advance evidence in 
connection with the study of the regnant tube and the 
chorion-epithelionatous uterus which clearly 
delineates the structural identity of the endothe­
lial and the connective tissue cell, would seen 
to/
to lend support to the opinions I expressed regarding 
the structure of the stroma of the endometrium.
THE PREGNANT TUBE.
Here we were able to discover without doubt 
that in the escape of the fluid from vessel lumen to 
tissue we are confronted with a process which is do­
minated by endothelial and tissue changes. In con­
sequence of the chorionic activity there occur proto­
plasmic alterations which are associated with an in­
crease in osmotic tension and a subsequent abstract­
ion of fluid from the vessels. These changes, I 
have shown, are exhibited with distinctness by all 
three main elements of the tubal wall - endothelium, 
connective - tissue and muscle. In this case we 
have to deal, especially in the muscle, with proto­
plasmic alterations which are apt to culminate in a 
progressive degeneration and disintegration. Here 
again the process of fluid infiltration is closely 
associated with the blood extravasation, which, in 
the proximity of the foetal cells, occurs to a degree 
which Is excessive. Here again a vacuclaticn cf the 
endothelial cells is to be considered as an exhibi­
tion of the changes which are, throughout the tubal 
wall,/
wall, responsible for the dropsical infiltration cf 
the tissues. In fact, of such constant occurrence 
is this fluid imbibition by the lining cells in a 
vessel from which the fluid is escaping that I have 
been forced to the conclusion, as the result of my 
investigation, that it must be taken as indicative of 
some process in operation which is associated with 
changes that are conspiring to forcibly abstract 
fluid from vessel lumen tc tissue,
CHORION-EPITHELIOMA.
Both in the regions of the primary invasion 
of the foetal elements and of the secondary malignant 
deposits, we have in evidence vascular and tissue 
changes in every respect identical to those above- 
mentioned. The dropsical infiltration of the mater­
nal tissues, which characterises this condition, are 
again dependent, at any rate in the main, on tissue 
changes associated with an enhanced osmetic tension. 
Endothelial vacuclaticn, fluid imbibition of the con­
nective tissue and the muscular fibres, are all to be 
attributed to the same common factor. Here again 
these changes are accompanied with blood extravasa­
tion round the vessels, which is especially marked in 
the vicinity of the foetal structures.
We/
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We are thus enabled tc affirm, in so far as 
cur investigations Justify a general statement cf 
the facts,that in the production cf oedema the part 
played by purely mechanical influences, in the shape 
of an Increase in intravascular pressure, falls into 
insignificance beside that enacted by tissue changes. 
The fluid escape would seem to correspond not to a 
passage from vessel tc tissue in the direction of 
least mechanical resistance, but rather to a diffu­
sion in the direction of greatest osmetic tension.
It remains to be seen whether or net the same law ap­
plies tc the physiological escape of fluid from 
vessel to tissue, which constitutes lymph-fcrmaticn.
It will have been noted that the histological 
changes of the tissues, which are recorded in the 
foregoing pages, have permitted cf a determination of 
the mode of escape, at any rate, in the initial 
stages, cf the watery element cf the blood only.
How far this is associated in these stages with a 
transference cf the saline and albuminous elements 
we are unable tc state with any degree cf certainty.
If our interpretation of the menstrual pro­
cess be correct the changes which are induced in the 
endometrium are similar to those which are present in 
the tubal and uterine wall, and which are clearly de­
pendent on the activity of the foetal elements. Is 
it/
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it possible that during menstruation we are dealing 
with changes which are dependent on an activity of a 
similar nature? Recent research would seem to have 
definitely demonstrated the existence of an ovarian 
influence in connection with the mucosa changes. If, 
as Fraenhel declares, this influence originates in 
the cells of the Graafian Follicle, we would have a 
certain confirmation of the speculation just advanced.
S E C T I O N  VII.
NATURE Of CHORIONIC INFLUENCE and. MODE 
Of its SPREAD.
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THE NATURE OP THE CHORIONIC INFLUENCE 
AND THE MODE OF ITS SPREAD.
The observations recorded in the preceding 
pages have demonstrated beyond doubt that the degener­
ative and other changes in the maternal tissues which 
the foetal cells induce must be dependent on some 
substance liberated by them. The fact that the chan­
ges are identical in all the three conditions studied, 
and that in the case of chorionepithelioma only the 
epithelial layers of the chorionic ectoderm are pre­
sent, proves that this material is derived not from 
the foetus or the mesenchyme of the villi but from 
their cellular coverings.
What is the exact nature of this substance? 
The mode of its spread, to which I shall refer im­
mediately, would seem to indicate that it is carried 
from the foetal cells In solution, and that it there­
fore is probably of a chemical nature. Whilst its 
existence has been definitely recognised by many ob­
servers it is only comparatively recently that the 
subject has attracted the attention v/hich its impor­
tance merits. It has for long been surmised that 
many of the secrets associated with the toxic compli­
cations of pregnancy (hyperemesis, eclampsia etc.) 
are bound up with the chemical substances produced by 
the/
358
the chorionic cells. Hence the amount of laboratory 
research which the subject has called forth. Whilst 
in many respects there is a good deal of discrepancy 
in the results of the different investigators on one 
point there is an apparent unanimity, namely that the 
placental structures are exceedingly complex in their 
chemical constitution, and that from them a number of- 
ferments can be obtained in vitro. Bergell and 
Liepmsinr? in 1905 demonstrated the existence of fer­
ments acting on carbohydrates (diastase, lactase, and 
a glycolytic substance) and on proteins. The pre­
sence of a proteolytic ferment was denied by Charrin
(2) (IS)and Oou'Dll in 1906. Savare in 1907, after freeing
the placenta from blood, which contains active fer­
ments, was able to detect both proteolytic and 
amylolytic ferments, in addition to several others. .
While it must be admitted that the subject 
still awaits further and more convincing elucidation 
it is suggestive, especially in view of the investi­
gations I have recorded, to find several of the ob­
servers describing the existence of enzymes that have 
a distinct dissolving action. In all the three sites 
of foetal invasion studied in the preceding pages I 
have pointed out the indisputable occurence of some 
influence/
influence which arises in the chorion and which tends 
to throw the maternal tissues into a state of solu­
tion. This tissue change was most evident in the 
muscular elements, which invariably, in the neigh­
bourhood of the foetal cells, break up and disappear 
Whilst most marked in the immediate proximity of the 
chorionic elements, the change is often evident at 
a long distance, a fact which proves conclusively 
that the crumbling away and ultimate disappearance is 
not due to a phagocytic action. The same dissolving 
activity of the chorionic cells on the maternal 
tissues has been described by Bryce and Teacher in the 
ease of their ovum implanted in the uterine mucosa. 
In the account of their very early specimen they 
especially refer to the absence of any phagocytosis 
and they advance the belief that the changes are pro- 
bably dependent on some extracellular substance, 
perhaps on enzyme, liberated by the foetal cells.
Laboratory research has demonstrated that 
the products of protein digestion have an osmotic 
tension greater than that of the substance from which 
they are derived find it seems to me that in this 
fact v/e must look for an explanation of the phenomena 
which I have described on the preceding pages. In 




undoubted evidences of an increased osmotic pressure 
with an attraction for fluid. Here the disinte­
grative process culminates in a solution of the mus­
cular substance, in other words there is a true di­
gestion. This change is dependent on the especial 
susceptibility of this tissue to the chorionic in­
fluence. In the case of the endothelial and con­
nective tissue elements, on the other hand, the re­
sistance offered is greater and, for the most part, 
the protoplasmic changes do not advance beyond a 
splitting-up of the cytoplasm with an active osmotic 
imbibition of fluid by the cell, the nucleus of which 
usually retains its vitality throughout. Whilst 
this cellular change is widespread and, in all the 
conditions described, results in an extensive passage 
of fluid and blood into the tissues, it does not ne­
cessarily produce a dissolution of the cell. This 
is rare except where the endothelial or connective 
tissue elements are strangled in the disintegrating 
muscle. I have pointed out that in the pregnant 
tube there is conclusive evidence of the fact that the 
protoplasmic alterations in the endothelial and con­
nective tissue cells lead in many cases to a more 
regular escape of the blood along newly formed tracKs 
created by the confluence of the fluid spaces in the 
cells,/
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cells, In other words that the process Induced by the 
chorionic influence is, in these cases, no more de­
generative in nature than is the formation of new 
blood vessels. The explanation of the new formation 
is identical with that which accounts for the gradual 
dragging of the intravascular contents into more and 
more distant parts of the tubal wall but in a more 
irregular manner.
With regard to the node of spread of the 
chorionic secretion the investigations recorded in 
the preceding pages furnish evidence of considerable 
importance. In the first place, the maternal 
changes are invariably most marked in the immediate 
proximity of the foetal elements, and become less and 
less marked as the immediate site of their activity 
is left. The degree of involvement of the maternal 
structures is, for the most part, inversely pro­
portional to the distance from the foetal cells.
This observation would seem to indicate that the bio­
chemical influence extends its action by a process of 
diffusion. The effectsof this diffusion are often 
marked at a long distance from the actual embryonic 
site. The only exception to this law is that the 
walls/
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walls of the veins and the tissues adjoining them 
a re often more involved in the degenerative process 
than the arterial walls and the tissues immediately 
surrounding them. These facts indicate, what we 
would expect, that the chorionic substance is dis­
seminated in a manner different from that just men­
tioned. In this case there has occurred a trans­
ference along the vessels in the direction of the 
blood flow.
c h a n g e s/
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CHANGES IN UTERUS IN NORMAL PREGNANCY.
It will be recalled that one of the main objects 
which I set before me in conducting the investigation 
recorded in the preceding pages was to determine, 
if possible, the exact manner in which the growing 
embryo is furnished with its supply of maternal 
blood, and. especially to discover the relationship 
existing between the mode of operation of this pro­
cess and the structural character of the stroma and 
vessels of the xiterine mucous membrane to which I 
have referred in the first sectionsof this research.
I have shown that the main characteristic 
of the vessels of the endometrium is that, by virtue 
of their peculiar structure, they are adapted, in a 
manner which must be considered to be perfect from 
the point of view of efficiency, to open up and dis­
charge their contents into the adjoining part of the 
stroma. Almost immediately after reaching the endo­
metrium the vessels, which extend from the muscular 
wall of the uterus, throw off their specialised 
supporting coats. Except in the very deepest region 
of the mucosa, the walls of the vessels are complete­
ly devoid os elastic and muscular tissue, and are 
formed /
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formed by the surrounding connective tissue elements. 
Where necessary these are packed together to lend 
support to the vascular wall, but in such a way as 
to permit of their ready separation when the occas­
ion should arise. If ray conclusions were correct 
the internal layer, also, is formed by cells which 
coincide in every respect, with the stroma elements.. 
As the result of the study of the vascular changes 
during menstruation, I have shown that, by a detach- 
:raent and separation from one another, not only of 
the more external cells but also of the lining cellsJ 
there is allowed an immediate and free escape into 
the surrounding stroma of the contained fluid and 
corpuscles. In the ease with which these changes 
occur the consistence of the stroma 'plays fin. import­
ant part. We have seen that during menstruation 
the stroma must be considered to consist of a soft, 
semi-fluid material • This determines at once the
facility with which the vascular walls become teased
.
out and the ease with which the liberated contents 
can pass into and displace the surrounding stroma.
In this way only can we understand how there is 
created, especially round the glands and under the 
surface epithelium, the large fluid and blood areas 
which appear in the menstrual mucosa.
•
We /
he way be sure that these peculiarities in | 
the structural character of the mucosa vessels and 
stroma are,in some way or other, bound up with the 
changes which the ovum induces in its proximity after
coining into contact with the maternal tissues. For
.
a perfectly convincing demonstration of the exact 
nature of these changes I would, of course, require 
a specimen of the mucosa in which a young ovum had 
just become engrafted. If, as I am convinced, in 
the case of a normal pregnancy, the true nature of 
the tissue reaction to the growing ovum is obscured 
as soon as a definite decidual formation occurs, it 
is clear that for a satisfactory investigation we 
must have recourse to a very early embryo. The 
reasons for this belief I shall state in the course 
of this discussion. suffice it for the present to 
recall the well-known fact that, after the develop­
ment of the decidual membrane, the embryonic struct­
ures lie, for the most part, floating free, in a cav- 
ity bounded by a homogeneous cellular mass. Through 
this course the uterine vessels which open out dir­
ectly into the gestation cavity, and, at their gaping 
terminations, leave little or no trace of the manner 
in which this result has been accomplished. In the 
decidual vessels, however, as I shall subsequently 
I point out, we may glean some evidence of a circum­
stantial nature in connection with onX enquiry as to 
the j
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the actual manner in which the foetus is provided 
with its blood supply.
for want of a sufficiently early specimen 
( and the great difficulty associated, with the pro­
curing of such is demonstrated by the fact that the 
two earliest human embryos yet described are pro­
bably as old as 13 or 14 days - Peters and Bryce- 
Teacher ) , I have endeavoured to elucidate the pro­
cess in operation in the first -¡lace by endeavouring 
to discover the real nature of the uterine stroma, 
and, during menstruation, the functional changes 
which this subserves, and. in the next place, by ob­
taining as accurate evidence as possible regarding 
the mode of action of the chorionic epithelium. For 
t'iie latter purpose I have preferred to study the 
changes which the foetal elements induce in the 
tubal wall and in the uterus in the conditions des­
cribed above, rather than in the uterine mucosa of 
pregnant animals. In explanation of this prefer­
ence I would advance the well-recognised fact, that 
investigations conducted on animals have, because of 
the great difference between the structural changes 
found in them and in the human, so far yielded re­
sults which are not only conflicting in their nature 
but eminently unsatisfactory in their application 
to /
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to the human uterus. It seemed to me more than 
likely that, being compelled to reason by analogy 
we would obtain as good, if not more reliable, in 
formation by a study of the pregnant tube.
367
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MODE OF FORMATION OF OVUM BED, ESPECIALLY 
WITH REGARD TO THE MANNER IN WHICH THE MATERNAL 
VESSELS OPEN UP.
SITE OP OVUM BED.
After reaching the uterine cavity the fer­
tilised ovum passes, by some process, the nature of 
which we still imperfectly understand, into the sub- 
epithelial tissue. By some it is supposed to burrowj 
through the smooth surface of the endometrium (Peters 
Graf. v. spee\ Leopold, etc.). By some it settles
in a small depression on the mucosa surface Bryce- 
(4 )Teacher), or in a crypt between two folds, such as
(5)described in the case of the Hedgehog by Hubrecht.
To reach the subepithelial tissue it is clear it must 
destroy the superficial epithelium. The degree of
this destruction is -robably small. Whether it is
due to a phagocytic or to a corroding and dissolving 
action we are not certain, though in view of the 
markedly softening influence which the chorionic ele- 
j ments exert on the maternal tissues, it is not un­
likely that the superficial destruction is accomplish­
ed by t is latter process. This is especially pro­
bable from the fact that, in addition, the existence
';i a phagocytic activity has not been demonstrated in 
t he j
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the cells of the human foetal ectoderm.
After reaching the uterine stroma it forms 
for itself a nest consisting of a hollowed cut region 
of the mucosa, where it is in intimate relation to 
the maternal bleed, from which it abstracts its nour­
ishment. In this place we are especially concerned 
with the mode in which the cavity in the mucosa is 
formed and the manner in which the maternal vessels 
open up to provide the growing ovum with its food.
It seems to me that the investigations which I have 
recorded in the preceding pages provide us with a 
clue to the explanation of many of the changes pres­
ent . In many instances, in their results the alter­
ations produced in the maternal mucosa by the engraft­
ed ovum coincide accurately with those which we have 
noted in the abnormal regions of chorionic activity.
In the normal site many of these results are still 
imperfectly understood and It seems not unlikely that 
in their production influences similar tc these noted 
above have been In operation. As we have hitherto 
been dealing with conditions abnormal in their nature 
it will be necessary to exercise considerable caution 
in attempting tc apply information thus obtained to 
the normal. In the ensuing pages I Intend tc limit 
my remarks to the discussion cf these changes which 
are similar in both oases and which, sc far, have 
eluded a satisfactory explanation.
For /
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Fcr a study cf the early changes which the 
maternal tissues exhibit in response to the presence 
of the ovum we are provided with three young speci­
mens - these of Peters, Bryce and Teacher, and Leo­
pold .
PETERS' OVUM. (1899). (Plate XVIIL)
In this, we have, thanks to the scientific ' 
precision cf the descriptions and the excellent acc­
ompanying plates, an opportunity of studying the mat­
ernal changes, which, I believe, represent the earli­
est phase cf the process. The reasons fcr this be­
lief I shall advance in connection with the summary 
cf the changes exhibited by the Bryoe-Teacher speci­
men.
The ovum lies imbedded in the mucosa immed­
iately under the surface epithelium, several cf the 
cells cf which have disappeared. At. its outermost 
pole it is separated from the uterine cavity only by 
a cap of bleed clot.
THE OVUM. This is a lenticular mass.
It measures 2*4 x 1*8 mrn, in its external diameters. 
The longest diameter is parallel to the surface of the 
mucosa. The sitrface cf the blastocyst is formed cf 
ordinary trophoblastic cells (Langhans1) several 
layers deep. At seme regions, especially towards 
the basal /
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the basal aspect, the cellular layer Is thicker than 
at others. The tropheblast is not solid, but is 
broken up by a large number of spaces, some of which 
appear empty, whilst ethers are occupied by maternal 
bleed. Those lacunas permeate the trephcblast, in a 
very intricate manner. Some of the cells are vacuol­
ated. The surface of the trophcblast, and, for the 
most part, the walls of the lacunar spaces, are lined 
with a plasmcdial nucleated material. This corres­
ponds to the syncytium. By Peters this is supposed 
to be due to a fusion of the Langhare' cells, partly 
under the influence of the blood pressure, and partly 
by the action of the blood plasma. He thinks, also, 
that degenerated red corpuscles may enter into its 
formation. In most places the syncytial layer is 
poorly developed, and certainly is net so evident as 
is described in later periods of pregnancy. In many 
places it is vacuolated. The spaces thus produced 
may be occupied with maternal blood. The embryo is 
situated at the basal aspect of the blastocyst cavity.
THE MATERNAL TISSUES. The surrounding 
maternal tissues are markedly oedematous and are in­
filtrated with red bleed corpuscles. The cedematcus 
condition Peters attributes partly to the intense 
vascular congestion and partly to an accumulation ci 
the assimilation products which pass between mother 
and /
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and child. In places it has led to a wide separat­
ion of the stroma cells and they are then seen to be 
united with one another by long filamentous proto­
plasmic processes. Many of the stroma elements, 
especially in the proximity of the ovum, are enlarged 
to form decidual cells. This change has recurred 
only to a comparatively small extent. It is much 
less evident than in the Bryce-Teacher ovum and in 
later periods of pregnancy. Throughout the maternal 
tissues the oedematous spaces separating the decidual 
cells are occupied with red blood cells. The lrrog- 
ular nature of the fluid and blood escape into the 
tissues is one of the most remarkable features of the 
Peters ovum. It is most marked round the ovum, but 
it is evident even at a distance from the embryonic 
structures, These changes have led tc an increase 
in the thickness of the mucosa in the proximity of 
the ovum.
The vascular changes are for us especially 
important. In the area of the mucosa just beyond 
the site of the ovum there are evident large numbers 
of small vessels. Arteries with their ordinary sup­
porting coats are seen pursuing their way towards 
the epithelial surface, often in a cork-screw like 
fashion in the partition between the gland spaces, 
which /
which are dilated, in the deeper part to form a spong-j 
iosa-. In the immediate proximity of the embryo the 
outer supporting cells of the vessels became detach- 
ed and they are often seen to be lined by a single 
layer of endothelial cells. That this condition 
has affected the arteries is proved by the fact that 
in this region there is no evidence of the comparat­
ively thick walls which we associate with them. In 
sane places at a greater distance from the ovum we 
can see the process of detachment in action - at one 
part of its course the same artery may exhibit the 
ordinary concentric arrangement of the supporting 
cells & at other regions on either side of this we 
see it denuded of these outer cells and represented 
only by an endothelial layer.
The most remarkable change in the vessels 
is the increase in their diameters. In the proximity 
of the ovum this has occurred in places to an enor­
mous degree. On the serotinal aspect of the ovum 
there is a large blood, tract which, on its lower 
aspect and laterally, has deeply invaded the surround­
ing tissues (Plate XVIII). It is lined, for the 
most part, by a layer of flattened cells. The se 
are absent in some parts. Through its wall it is 
often possible to recognise the blood cells streaming 
into the surrounding tissues. Prom this large blood 




extending round the base of the ovum in a curvilinear 
manner, like the meridians of a globe. Here and 
there they open into the lacunar spaces on the chor­
ionic surface.
In the proximity of the ovum the blood 
spaces have, as the result of their expansion go  me 
right up against the chorionic surface, and are sep­
arated from this only by an endothelial layer. In 
many places this is lost and the vascular contents 
thus bathe the chorionic surface directly. (Figures 
151-152 ). in this region there is evidence of rupt­
ure of the endothelial layer with a liberation of the 
blood into the embryonic lacunae. Peters thinks 
that this is due to the intravascular pressure, pre­
disposed to by a thinning out of the vessel wall, and
.a degenerative softening change in the endothelial
! remnants. Extending across the spaces intervening 
between the expanding vessels and the chorionic sur­
face there has been in many places an escape of the 
fluid and corpuscular elements of the blood. (Figure 
152. )•
As I shall immediately indicate, there are, 
in respect of the above vascular changes,(those under­
lined) striking resemblances between them and those 
which we have detected in the pregnant tube and in 
the chorion-epitheHomatous uterus. The striking 
similarity between the response of the maternal 
tissues in these differing conditions is still fur­
ther /
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further emphasised by the discovery in Peters speci­
men of another vascular change which we have already 
recognised in the above abnormal sites of the foetal 
elements. This is found in the shape of a forma­
tion of new capillary vessels round the periphery 
of the ovum. According to Peters, in the mucosa 
round the trophoblast,the new vessels have apparent­
ly been formed chiefly by a projection of buds from 
the original vessel walls. These become canalised 
and occupied with blood. These newly built capill­
aries, at first quite narrow, widen and come 
into contact with the trophoblastic buds as they 
grow into the spaces of the oedematous stroma. 
(Figure 154. ). Peters states that this new vess­
el formation can have only one object, namely that 
of carrying blood to the peripheral layers of the 
trophoblast.
The BRYCE-TEACHER OVUM. (1908) (Figures 155-156).
THE OVUM. In its external diameters this 
measures l«95x>95 1*10 mm. it lies in a cavity of the 
mucosa just under the surface epithelium. This has 
been detached. At its outer pole there is a small 
dimple, probably corresponding to the site of en­
trance. There is no fibrin cap sue: as is present 
in /
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in Peters' ovum. The blastocyst wall is composed 
of a uniform layer of trophoblastic cells, and, ex­
ternal to this, by a large and irregular meshwork 
formed by plasmodial strands. This .in places at 
its outer part, lies up against the walls of the 
gestation cavity. The meshes are formed by spaces 
of varying size in the plasmodium. The larger 
spaces are towards its outer aspect. Some are app­
arently empty, whilst others are occupied by mater­
nal blood. According to Bryce and Teacher, these 
spaces are, to begin with, probably formed by the 
accumulation of digestive juices which escape and 
allow of the entrance of the maternal blood. It 
will be noted that the syncytial development is, in 
this specimen, much more evident than in Peters' 
case. The embryonic rudiment is considerably dis­
torted and occupies a central space formed by a 
shrinkage in the mesoblast.
THE MATERNAL TISSUES. The ovum lies in a 
cavity formed in the superficial part of the mucosa, 
which is thickened and projects somewhat into the 
uterine cavity is a"decidual lobule." The walls of 
the implantation cavity are, for the most part, 
smooth all round. There is, in this respect, a 
marked difference between the present specimen and 
that of Peters, where the confines of the embryonic
chamber/
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chamber were extremely irregular in nature and in 
many places straggled into the adjoining tissues.
There is a well-marked decidual formation round 
the embryonic cavity. In many places this has re­
sulted in the production of large areas composed of 
large densely packed cells such as are found in the 
decidual membrane of a later date. The surface of 
the decidual tissue immediately opposed to the implan­
tation cavity is markedly necrosed. It is represent­
ed by "hyaline, darkly-staining, and nearly nuclear- 
free zone". This appearance, as we have seen, is 
completely absent in Peters ' Specimen. The blood­
vessels of the decidua are greatly dilated, and in 
many places, especially under the blastocyst, there 
has occurred extensive haemorrhages. In one part 
of the sections (the upper in the plate) the 
necrotic zone of the decidua is broken up by a 
haemorrhage. On the basal aspect of the decidua 
the dilated vessels have formed the "blood cushion" 
similar to that seen in the case of Peters 1 speci­
men, and also in an early ovum described by 
Graf v. Spee, whilst there is marked hae­
morrhage throughout the ad.jacent maternal tissues it 
is/
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is not present to nearly the same degree as is exhib 
ited by Peters' ovum. There is not the same wide­
spread infiltration of the immediately adjacent 
tissues with blood, and the blood vessels, though 
expanded, are in the immediate vicinity of the gest­
ation cavity often seen to possess well defined 
walls. (Figure 155).
DOES THE BRYCE-TEACHER OVUM REPRESENT AN EARLIER 
PHASE THAN THAT OF PETERS?
In the description of their specimen, the 
writers maintain that it corresponds to an earlier 
stage of the imbedding process than that of Peters. 
As the correctness or incorrectness of this claim 
is of considerable importance from the point of view 
of the present endeavour to throw light on the 
changes involved, I propose to discuss- the matter in 
some detail.
(1). In the first place the decidual re­
action in the case of their specimen is much 
more marked than in that of Peters. In the 
latter it is present to a degree less evident 
than in any other specimen described, whilst 
in the former it is seen in a manner closely 
suggesting the structure of the ordinari' 
decidual /
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decidual membrane of a later date. If Peters' 
specimen be normal, and I understand the two 
authors are not prepared to question its re­
liability , (Teacher has expressed himself clear­
ly on this matter, ) it is clear that from this 
point of view their specimen would seem to 
correspond to a later phase of the process.
(2.) In Peters' specimen there is little 
evidence of a necrotic change in the surround­
ing tissues, and certainly not to the degree 
present in that of Bryce and Teacher. As is 
well known, in the later stages of placent- 
ation the surface of the decidual membrane 
bordering on the intervillous space exhibits 
a distinct necrotic change. From this point 
of view, also, the Bryce-Teacher ovum corres­
ponds to a later phase.
(3) The surface of the implantation cavity 
in the Bryce-Teacher specimen is, on the whole.' 
smooth and regular, in this way coinciding 
with the appearances seen at a later date.
In the Peters' ovum, on the other hand, the 
cavity is markedly irregular in nature, and 
thus differs from other described specimens.
If it be normal, and we have no reason to 
doubt this, it must correspond to an earlier 
stage /
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stage of the process of imbedding.
(4.) The maternal tissues in the Peters' 
specimen are markedly spread apart by an oed- 
ematous and blood infiltrate, and to a degree 
greater than in that of Bryce and Teacher, 
which, here again, corresponds to the recog- 
nised condition found in the later placenta. 
(5.) THE OVUM IN THE TWO SPECIMENS.
The external measurements of the Bryce- Teach­
er ovum»it will be seen»are smaller in every direct­
ion than those of Peters* specimen, and from this 
point of view it seems, at first sight, justifiable 
to consider that we have distinct evidence in support 
of the claim the authors advance in favour of its re­
presenting an earlier phase of the imbedding process. 
Against this, however, may, I think, be urged the 
well-known fact that the size of a foetus or of a 
gestation cavity is not necessarily a criterion of 
the age. In later periods of pregnancy t\vo foetuses; 
of the same age may differ within wide limits as far 
as measurements are concerned, and also in the degree 
of uterine distension which they induce. How far 
this discrepancy in size is found in the earlier 
days of foetal development, it is still impossible 
to /
to say, but it would seon not unlikely that it does 
exist. In any ease the arguments which I have ad­
vanced above prove beyond doubt that in many of the 
maternal changes which have been caused by the en­
grafted ovum we must recognise in the Peter's speci­
men an earlier phase of the process.
THE PLASMODIAL LAYER.
I have referred to the fact that in 
Peters' specimen this is, on the whole, more 
poorly developed than in the later periods of 
pregnancy. On the other hand, in the Bryce- 
Teacher ovum it is present to a remarkable de­
gree and exhibits a structural character so far 
unrecognised in the human ovum. If both 
the specimens are normal and the claim advanc­
ed by Bryce and Teacher be correct, it is ob­
vious that in the development of the human 
ovum the plasmodial layer, in the earlier 
stages constituting a comparatively large 
amount of the substance of the wall of the 
blastocyst, in the course of a few days thins 
out to a mere shadow of its original condition 
and then again increases in amount. This, I 
maintain, seems unlikely and until we are pro­
vided /
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such a series of changes, we are entitled to
assume that the highly developed syncytial
layer of the Bryce-Teacher ovum represents a
later stage of development than that found in
Peters' specimen. In this connection it is
interesting to note that the existence of a
spun-out arrangement of the plasmodial layer
similar to that present in the Bryce-Teacher
specimen is found in an early ovum, described
(6 )by Stolper. This specimen was larger and 
apparently older than either the Peters' or 
Bryce-Teacher ovum. As the plasmodial arrange 
rnent was present on only one aspect of the 
ovum, it seems, however, not impossible that 
it, in reality, represents a stage intermed­
iate between the two.
In connection with this argument I 
may state that I have encountered the same 
highly developed condition and the same in­
tricate structural arrangement of the syncyt­
ium in the course of my investigations in the 
pregnant tube. On such a question, I admit, 
it is unwise to dogmatise on the strength of 
an analogy drawn from an abnormal state, but
it /
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provided with information of the occurrence of
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it is, at any rate, suggestive to find that the 
condition is present only in the case of the 
tubes, the seat of a well-advanced pregnancy. 
(Figure 157).
THE EMBRYO.
In the Bryce-Teacher ovum the embryo!s con­
siderably distorted and. somewhat brohen-up. In spite 
of this a careful examination of the component parts 
has enabled the two observers to recognise in it an 
earlier phase of the human embryo than that present 
in Peters' ovum.
If their interpretation of the conditions 
present be right, we are thus compelled to admit that 
in the Bryce-Teacher specimen we have an ovum in 
which, whilst the embryonic rudiment corresponds to 
the earliest phase yef described, the maternal tissue-j 
changes correspond rather to a later stage than the 
Peters' specimen.
LEOPOLD'S OVUM. (1906).
This corresponds closely to Peters' speci­
men, in the mode of attachment of the ovum to the 
uterine mucosa. Here there is again well marhed 
vascular distension and haemorrhagic infiltration. 
That /
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That it corresponds to a stage lator than that of 
Peters would seem to he justified by the existence, 
in the marginal lamina of the decidua, of a well- 
marked coagulation necrosis. There is not to the 
same extent the blood and fluid infiltration of the 
tissues nor the formation of new vessels.
In all the other specimens of early ova 
the maternal changes coincide either with those ex­
hibited by Peters' ovum or those seen in the Bryce- 
Teacher ovum, and it is unnecessary to relate them 
in detail.
APPLICATION OF THE PREVIOUSLY RECORDED INVEST­
IGATIONS INTO THE STRUCTURE OF THE ENDOMETRIUM 
AND THE MODE OF ACTION OF THE CHORIONIC EPITHEL­
IUM TO THE CASE OF THE NORMAL OVUM.
We have seen from the earliest described 
ova, and more especially from that of Peters, that 
in response to the activity of the chorionic struct­
ures there occur the following maternal changes:-
(1.) In the mucous membrane surrounding the 
implantation cavity there are found marked 
vascular changes. These are most evident in 
the region immediately adjoining the foetal 
structures but they are present, sometimes to 
a marked degree, beyond the actual site of 
the /
the cellular invasion. The cells forming 
the vascular walls become teased apart and 
the concentric layers of supporting cells 
found in the vessels of the resting state 
become stripped off from the lining layer.
This has resulted., in Peters' specimen, in a 
complete disappearance of the thicker-walled 
vessels in the mucosa near the ovum. There 
is also apt to be a detachment of the endo­
thelial cells and an opening out of the vess­
el wall.
(2) These changes are associated, with a 
marked oed.ematous infiltration and a haernorr- 
hagic escape into the stroma, the cells of 
which, except where they are packed, together 
as the result of a decidual change, are 
spread apart and completely detached save for 
the presence of intervening branching pro­
cesses of their protoplasm. Through the 
vessel walls the red blood corpuscles are 
often seen streaming into the adjacent tissues 
and. towards the surface of the chorionic mem­
brane. Where there has occurred a marked 
decidual change in the stroma elements, the 




tissues is less marked, and tlie vessels, even 
in the immediate vicinity of the implantation 
cavity are apparently well supported by the 
enlarged decidual cells (Bryce-Teacher ovum - 
figure 155 ). in these cases the vessels
can be seen pouring their blood into the 
gestation cavity.
(3). There is, besides a loosening of the 
vessel walls and an oedematous and corpuscular 
escape into the tissues, a marked distension 
of the vessels throughout the mucosa adjoining 
the site of the ovum. This is present in all 
the early specimens and is one of the most 
characteristic features seen. In Peters' 
specimen the distension of the vessels is
associated with a recession of their walls
1
towards the chorionic surface carrying in this 
way the contained blood to the region of the 
ovum. In many cases the expanding lumen is 
separated from the foetal surface only by the 
endothelial layer. In some cases, however, 
this may disappear. Round the walls of the ex­
panding vessels there is a haemorrhagic esoape.
The distension of the vessels re­
sults in the formation, throughout the mucosa 
adjoining /
adjoining the embryonic site, of large blood 
sinuses or lacunae. These may be lined 
by a layer of flattened cells or they may, 
in parts, be bounded apparently by the ordin­
ary stroma cells.
(4) In Peters' specimen, in which there is 
less evidence of a necrotic change in the 
neighbouring structure than in any of the 
other early ova and which, in this respect, 
would seem to furnish us with the earliest 
phase of the maternal reaction, there has 
occurred in the decidual tissue round the 
ovum a formation of New Capillary Vessels.
(5) The stroma elements in all the speci­
mens are enlarged to form decidual cells.
This process is less evident in Peters' case 
than in that of Bryce and Teacher.
The fact that there is in both of 
these specimens an opening up of the maternal 
vessels and an escape of the contents into 
the surrounding tissues beyond the regions of 
the actual chorionic invasion would seem with 
out doubt to demonstrate that there is in op­
eration in the production of the haemorrhage 
something more than a direct invasion of the 
vessel walls and a mechanical liberation of 




in Peters ' specimen warrant such a conclusion and in 
the description of their ease Bryce & Teacher state 
that the appearances "suggest that the process of de­
struction is not one of erosion by direct cellular ac­
tivity or phagocytosis, but a sort of digestion or 
solution due to the action of extra-cellular substanc­
es probably of the nature of enzymes".
It will be seen from the above resume of the 
conditions present in the case of the earliest descri­
bed ova that the maternal changes coincide, in so far 
as the vascular alterations are concerned, almost ex­
actly with those which I have recorded in connection 
with the pregnant tube and the ehorion-epitheliomatous 
uterus. We have seen how in both cases there is a 
well-marked oedernatous and blood infiltration of the 
tissues, which, though most evident in the immediate 
vicinity of the foetal elements, is, as in the early 
ova just described, still manifest at a distance from 
the actual site of the cellular invasion. We
have seen also, a marked vascular distension in both 
regions, which especially affects the vessels with 
thin walls, and we have, in addition, observed how, 
in advance of the chorionic line of attack, the vascu­
lar walls became opened out and the vessel virtually 
advances through the tissues towards the chorionic 
surface.
In all these respects
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respects, then, the phenomena are similar, be it in 
the uterine mucosa in a normal pregnancy, in the wall 
of the pregnant tube, or in the endometrium or mus­
cular wall of the uterus in the case of chorion epi­
thelioma. In all these conditions the resulting 
maternal changes are determined in response to the 
same influence which, as we have seen, is in all pro­
bability to be identified with an enzyme or enzymes 
liberated by the chorionic cells.
How does the chorionic influence act in 
the case of the normally engrafted ovum? We have 
seen that a direct cellular invasion and erosion 
fails completely to account for all the changes ex­
hibited by the maternal mucosa in the neighbourhood 
of the Peters' and Bryce-Teacher embryos. What 
other influence must be invoked? It seems to me 
that the investigations recorded in the preceding 
pages endow us with a means of indicating the pro­
bable nature of the changes in a more efficient mann­
er than any previous explanation. Before discussing 
this, however, we must review in brief the respects 
in which the maternal tissues in the sites of the ab­
normal foetal activity, which we have studied,differ 
from the mucosa of the uterus in their behaviour to 
the chorionic influence. We have seen how through­
out /
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throughout the wall of the pregnant tube and the uter­
ine tissues in chorion—epithelioma and in the case of 
retention of placental fragments there has occurred 
a marked and extensive disintegrative change. Such 
a change is almost completely absent in Peters' ovum 
and in the Bryce -Teacher specimen. As in all the 
later stages of placentation, it is almost entirely 
limited to the decidual tissue immediately opposed 
to the implantation cavity. The rationale of this 
marked difference in the two sets of conditions is 
easily understood when we remember that in the preg­
nant tube and in the uterine wall in the other cases, 
the necrotic change is due mainly to the fact that 
the muscular tissue has exhibited a special suscept­
ibility to the bio-chemical influence of the chorion. 
It early undergoes a degenerative and softening 
change and ultimately becomes replaced by a homogen­
eous structureless and necrotic mass, which, in the 
immediate vicinity of the foetal cells, disappears, 
apparentaly entering into a state of solution.
In contra-distinction to this progressive 
degeneration of the muscular tissue it was found that 
the connective tissue elements throughout the corres­
ponding regions have resisted the destroying agent 
and., even in the immediate vicinity of the chorionic 
line of attack, have retained their vitality as seen 
in /
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in the presence of well-preserved nuclei. It is 
more especially in the changes which these latter 
cells exhibit that we are provided with a probable 
explanation of the manner in which the uterine 
stroma reacts to the engrafted ovum.
I have shown in the course of the invest­
igations previously recorded that the changes, which 
result in a teasing asunder of the vessel walls and, 
in some cases, in a marked expansion of their cavity, 
and which, in the proximity of the ovum, culminate 
in a wholesale escape of their contents, fluid and 
corpuscular, are all dependent on tissue changes, 
which lead to an active fluid imbibition. These 
changes are associated with protoplasmic alterations 
set in action by the chorionic influence, which re­
sult in an increase in osmotic tension, probably due 
to a liberation of crystalloidal elements. This 
condition was distinctly visible in the endothelial 
and the connective tissue cells. Throughout the 
affected regions these cells were seen to have act­
ively imbibed fluid, which, in many instances, could, 
be traced back to the neighbouring vessel. The
dropsical escape thus established we have seen led to 
an opening-out of the supporting elements of the 
vessel wall and, in many cases, was succeeded by an 
exodus /
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exodus of the red cells into the surrounding tissues 
especially in the proximity of the chorionic cells.
In no cases was it possible to detect that the liber­
ation of the blood constituents was due to a direct 
cellular erosion of the vessel wall with a subsequent 
mechanical escape. The same tissue changes I have 
shown to be responsible for the gradual expansion of 
the vessel walls. In some cases this consisted in 
an irregular Invasion of the surrounding tissues by 
the distending vessel. This condition was assoc­
iated with a disappearance by solution of the neigh­
bouring tissues, especially the muscular elements.
In other instances, and this was especially the case 
in the fine walled vessels, the distension was due 
to the same tissue changes but differed from the 
latter process in the fact that the vascular expan­
sion was more regular in nature. In these cases 
the distending vessel wall was seen to incorporate 
as an endothelial layer the connective.tissue cells 
which were encountered in the process of expansion.
We have seen, moreover, and in the wall of the preg­
nant tube it was often exhibited with a diagrammatic 
clearness, that the same osmotic changes in the 
tissues determined the new capillary sprouting from 
the pre-existing vessel walls. In this process, 
also, J
also, the adjoining connective tissue cells took a 
share in the formation of the new endothelium.
I have indicated that, to account for all 
the changes present in these abnormal locations,, it 
was necessary to assume a similar activity, in the 
shape of an imbibition of the fluid element of the 
blood, in the case of the degenerating muscular 
elements also. This assumption was substantiated 
by the detection in the muscular fibres of the same 
process in action. The presence of the muscular 
tissue, then, besides explaining the wide-spread 
necrotic changes which were found in these abnormal 
sites of chorionic activity, introduces an element of 
difference between the mode of tissue reaction in 
these regions and in the stroma of the uterine mucosa 
which consists throughout of a connective tissue 
structure. The explanation of the other well-marked 
difference, namely the uncontrolled oedema and 
haemorrhage which occurs in the pregnant tube and 
the uterine wall in the conditions we have studied,
I shall discuss in the next section of this research 
devoted to the Function of the Decidua.
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EXPLANATION OF THE CHANGES IN THE UTERINE MUCOSA, 
IN RESPONSE TO THE CHORIONIC ACTIVITY.
In view of the above considerations and the 
previously recorded investigations, I venture to 
claim that we are furnished with a probable explan­
ation of the manner in which the uterine mucosa re­
acts to the chorionic influence.
I have pointed out in the first section of 
this research that, throughout practically its entire 
thickness, the uterine stroma is to be looked upon as 
consisting of a connective tissue, in which there is 
only a comparatively small attempt at differentiation 
into cellular elements. Its structural characters 
suggest strongly that the supporting elements of the 
vessel walls are constituted, except in the deepest 
portions of the stroma, where there is occasionally 
a small amount of elastic tissue present, entirely 
of this undifferentiated, connective tissue. In dis­
cussing the histology of the endometrium, I advanced 
arguments which strongly suggest that the endothelial 
lining of the vessels, also, is composed of elements 
structurally identical with those of the stroma.
This contention, I maintain, is supported, by the 
discovery in other regions that, under the influence 
of the chorionic activity, the endothelial and the 
connective /
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connective tissue cells exhibit identical changes, 
and that, under certain circumstances, the latter 
cells can participate in the formation of a new endo­
thelium. Additional support is lent to this con­
ception of the nature of the endothelial lining of 
the stroma vessels by the fact, which I shall refer 
to more particularly in the next section, that endo­
thelial elements can undergo a decidual enlargement 
similar in every respect to that of connective tissue 
cells.
Being composed of connective tissue, then, 
it seems to me highly probable that, in response to 
the chorionic influence, the stroma will react in a 
manner similar to that exhibited by the connective 
tissue cells in the regions which we have been able 
to study with clearness. By such a process, i.e., 
one dependent on a protoplasmic change associated 
with a rise in osmotic tension, we can explain the 
vascular distension, and the oedematous and the 
blood escape into the surrounding tissues. In this 
way the provision of the necessary supply of maternal 
blood for the engrafted ovum would, as in the other 
cases, be determined by changes which enable the 
tissues to take an active share in the process. We 
have /
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have seen that a mere passive destruction or erosion 
of the maternal tissues completely fails to explain 
the phenomenal
The soft, semi-fluid consistence of the 
uterine stroma, to which I have referred in connect­
ion with the menstrual process, now, in view of these 
facts, amply justifies its existence. I have shown 
how during menstruation this structural peculiarity 
of the stroma permits of an easy teasing asunder of 
the elements of the vessel wall and culminates in 
many cases, especially toward the outer aspect of the 
mucosa, in a wholesale expansion of the vessel and a 
displacement of the surrounding tissues by the liber­
ated fluid and blood. Under these circumstances the 
unaltered stroma is seen to form the walls of the 
newly formed blood space. In the ordinary mucosa 
the actual process in operation is sometimes diffi­
cult to decipher, but where the vessel walls are 
thickened it is forced into prominence.and we then 
discover the existence of an active, intra-cellular 
fluid imbibition. In another section of this re­
search, I have advanced such a process




In the case of  Peters' ovum there were pres­
ent alterations in the vessel walls identical with 
those seen during menstruation. In the proximity 
of  the chorion there was the same stripping of  the 
outer cells from the underlying endothelium 
and the same detachment of the cells forming this 
layer. We thus see that the structural 'peculiarit­
ies of the uterine mucosa subserve, and efficiently 
adapt the stroma for, the functional changes exhib­
ited during pregnancy. In this observation is fur- 
nishpd a substantiation of the prediction which I 
was led to make in an earlier part of this research. 
These investigations, moreover, would seem to sug­
gest that the influence operating during menstruat­
ion is similar, if not in origin, at any rate in its
results,to that in action during pregnancy.
If the conclusions, to which my investig­
ations have carried me, be correct, it would seem 
highly probable that the formation of the implant­
ation cavity has occurred more' by a process of tiss­
ue activity and tissue displacement than by a whole­
sale destruction of the stroma by the foetal cells. 
The excavation of the mucosa is no more or, at any 
rate, little more, associated with a process of 
disintegration en masse than is the formation of the 
large cavities of the blood lacunae in the mucosa, 
or than is the enormous distension of the venous 
sinuses /
sinuses in the muscular wall. The difference is 
merely a difference in degree, and is attributable 
to the semi-fluid, easily displacable nature of the 
uterine stroma. I would submit that this explanation 
of the phenomena is substantiated in a most convinc­
ing way by the conditions present in the Peters 1 spe­
cimen. Here there is little tissue destruction at a 
time when one should, according to the orthodox con­
ception, expect it to be in full swing. The local 
epithelial destruction is simply an evidence of a 
change which ultimately results in a widespread soft­
ening and shedding of the epithelial cells. A corol­
lary to the interpretation I have just advanced is 
that the disintegrative process seen in the intervil­
lous regions of' the decidua serotina and reflexa is 
to be looked upon more as an incident in the process 
than as an indication of the mode of production of 
the implanta cion chamber. It seems to me that the 
conditions present in the Peters and the Bryee-Teach- 
er specimens prove beyond doubt chat the tissue ne­
crosis, which never involves more than a comparative­
ly small area of the serotina, sets in subsequent to 
the formation of the implantation cavity. This I 
shall again refer to in a later section.
If the chorionic influence acts in the 
manner which I have suggested, we should expect 
some evidence of such an action in the pregnant uter­
us at a date later than that corresponding to the
early ova just described. Have we no such evidence? As/
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As I have indicated in several places the establish­
ment of the marked decidual transformation of the 
cells which characterises the uterine mucosa except 
in the earliest days of pregnancy obscures the exact 
manner in which the vascular changes in the immed­
iate proximity of the ovum are accomplished. This 
I shall discuss more fully on a later page. For
this reason the progress of pregnancy beyond the 
first few days precludes the possibility of our elic­
iting accurate first-hand information on such a 
question. The existence of an influence such as 
I have advanced we are able, however, to confirm by 
a study of some of the changes in the vessels and the 
decidual cells In the mucosa, and the vessels of the 
muscular wall of the uterus at a later date of preg­
nancy.
CHANCES IN THE VESSEL WALLS AND CELLS 
OF THE DECIDUA..
For this investigation I have been able to
obtain three uteri removed from gravid women within 
the first half of pregnancy. In two cases, where
the uterus.was removed by operation for carcinoma of
the cervix, the pregnancy had advanced to months
and /
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and 4f months respectively. The other specimen, 
which corresponds to a pregnancy of 4 months» was 
removed from a woman who died from acute intestinal 
obstruction.
In all these specimens I have been able 
to discover changes in the decidual membrane of a 
nature similar to tho^ detected in the wall of the 
pregnant tube and the uterine wall and the second­
arily affected tissues of the lung in the case of 
chorion-epithelioma. In the normal condition, of 
course, there are never the same extensive oedema 
and blood extravasation as were found in these ab­
normal sites. In fact, as I shall endeavour to 
prove in the next section of this research, the 
occurrence of an uncontrolled fluid and corpuscular 
escape such as were encountered in these regions is 
prevented by the enormous enlargement of the stroma 
cells which tahes place during pregnancy. If this 
be true, namely that the decidual change is intended 
as a protection against the occurrence of an irreg­
ular blood escape into the tissues, we would not be 
surprised under ordinary circumstances to find a 
complete absence of the endothelial and connective 
tissue changes which were detected in the abnormal 
sites of chorionic activity. In point of fact I 
have /
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have been able, in all the specimens which I have ex­
amined, to discover evidence of the existence of 
tissue changes, which, though diminished in degree, 
are in nature exactly similar to those which I have 
called attention to in the preceding sections of my 
research.
In many of the vessels of the decidua, even 
at a distance from the placental site, changes simi­
lar to those depicted in figs .153-160 are visible.
The î essejs represented are from the several
decidual membranes. Here, as before, we have 
the existence of changes in the endothelial cells 
which have determined an active fluid imbibi—  
tion. The fluid has accumulated in the cells under 
a considerable hydrostatic tension, and has led to 
changes similar in every respect to those noted in 
the abnormal regions of chorionic activity. Here and 
there throughout the decidual membrane the cellular 
elements forming the supporting layers of the vessel 
walls have been opened out by a. fluid trach extend­
ing from vessel lumen to tissue. (Figures 160-2).
This condition is never well-marhed. This is, in 
all probability, to be attributed to the fact that 
during pregnancy there occurs a condensation of the 
vascular walls. In addition to these changes ass­
ociated with a dropsical collection in the vessel 
wall/
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wall there is often present an oedematous opening 
out of the immediately adjoining decidual tissue. 
(Figure 163). To complete the picture it is often 
possible to detect a vacuolated condition of the 
decidual cells. (Figure 164). This at first sight 
strongly suggests the appearances associated with 
a fatty degeneration of the cell but that it is not 
due to this is proved by staining the fresh speci­
men with the appropriate dye. This vacuolated con­
dition of the decidual cells would seem to have been
(7)first described by Webster. In his "Human Placent- 
ation" he says, referring to the normal decidua, "I 
have described a condition of vacuolation in nuclei 
or in cell matrices. The appearance is one which 
might easily be mistaken for fatty degeneration, 
but special staining reactions prove that it is not 
this." It is dependent on a change in the cell 
substance which has determined an active imbibition 
of fluid from the adjoining tissue space. We thus 
see that in the decidua changes, though less promin­
ent in degree, are present similar in nature to 
those which we have associated with the existence of 
a dropsical escape from the vessels in other regions, 
and which we traced to the chorionic influence.
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VASCULAR CHANGES IN THE MUSCULAR WALL 
OF THE PREGNANT UTERUS.
In the muscular wall of the pregnant uter­
us, In addition, I have been able to detect with 
ease vascular changes entirely comparable to those 
which are induced by the chorionic influence in othef 
regions. In the first place, in the fine-walled 
vessels there is the same tendency to a gradually 
increasing expansion of the lumen. In this way 
the thin-walled sinuses, which characterise the 
pregnant state, are formed. They vary greatly in 
size.In seme cases they are represented byomall bleed 
spaces; in most eases, however, they attain large 
dimensions and may, especially after the first few 
weeks of pregnancy,, assume the form of thin-walled 
sinuses extending through a large territory of the 
muscular wall, in the distended state transforming 
the uterine wall into a loose-meshed spongework.
In shape, also, they exhibit similarly wide variat­
ions. In some instances, especially when small, 
they possess a round or oval contour. When larger, 
they are usually very uneven in shape, the surface 
irregularities corresponding to the position of the 
muscular /
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muscular bundles. In fact It seems obvious that In 
the shapes assumed purely mechanical Influences have 
played a prominent part. (Figure 165 ). These
blood spaces are usually described a3 being venous 
in origin and they probably represent direct con­
tinuations of the venous tracks in the decidua. The 
great distension they exhibit is doubtless for the 
purpose of accomodating the excessive blood flew 
which characterises the pregnant condition. It 
would seem not unlikely that the constant intermitt­
ent contraction of the muscular wall which occurs- 
during pregnancy must assist in maintaining the cir­
culation through these spaces, in which, otherwise, 
it would almost certainly be very sluggish.
In their characteristics we at once note 
a complete similarity between these spaces and the 
distended blood tracks which form in the muscular 
wall of the uterus in chorion-epithelioma, and the 
wall of the pregnant tube, which I have demonstrated 
owe their origin to the tissue changes induced by 
the activity of the chorionic cells,&which, in all 
probability,arc associated with the liberation of an 
enzyme whose function is the production of proto­
plasmic changes that determine an active imbibition 
by the cells of the blood fluid. We have seen how, 
especially /
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especially in the case of the pregnant tube, where 
the process was clearly discernable, these cellular 
alterations led. to a gradual expansion of the fine— 
walled vessels at the expense of the surrounding tiss 
ues, the cells of which were incorporated by the ad­
vancing wall to form a new endothelial surface. In 
the case of the pregnant uterus I have been able to 
detect cellular alterations similar in every respect 
to those described on a former page, but I have been 
unable to carry the analogy to the extent °f a com- 
plete demonstration of the fact that the existence 
of these changes is the controlling influence in the 
increasing expansion of the uterine walls into the 
large sinuses. In spite of this fact, however, I 
feel that such, in all probability» is the case. In 
this place, also, I may state, what at first sight 
may seem a truism that the limit of the expansion of 
these uterine sinuses must, from the close manner in 
which they fit against the muscular bundles, be de­
termined by the presence of the latter. An extreme 
and uncontrolled expansion of the walls, such as is 
apt to occur in pathological regions of chorionic 
activity, is prevented by the fact that, whereas in 
the latter sites there is apt to be a progressive 
muscular disintegration in the pregnant uterus there 
occurs a orogressive development of the mu soul aj.- fib­
res /
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fibres, and an increase in size of the bundles.
Whilst, then, a study of the fine-walled 
vessels in the muscular wall furnishes us only with 
indirect evidence of the existence in the normal preg­
nant condition of an influence such as I have advanc­
ed, an investigation of the thick-walled vessels 
leaves little room for doubt on this matter.
Throughout the uterine wall in all my specimens I 
have been able to discover with ease vascular 
changes in every respect identical to those met with 
in the pregnant tube and the chorion - epitheliomat- 
ous uterus.. Here again we have undoubted evidence 
of tissue changes leading to an active abstraction of 
fluid from the vessel lumen. We have the same fluid 
distension of the endothelial cells, the same tend­
ency to a separation and bulging towards the lumen 
of the endothelial sheet, and from this region we 
have the same opening - out of the muscular tissue 
by oedematous tracks which extend into the neighbour­
ing tissues. (Figures 156-168) • We have in add­
ition, the same evidence in the shape of an active 
fluid imbibition and distension of the connective 
tissue elements. All these changes prove beyond 
doubt that in the occurrence of the fluid escape 
there is in action some tissue alterations 
and/
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and not a mere mechanical filtration from vessel 
lumen, where the fluid pressure is higher, to tissue 
space, where it is lower. In the uterine wall these 
changes are on the whole most manifest in the veins 
in the proximity of the placental site. This is 
due, in all probability, to the fact that these 
vessels are subjected to the chorionic influence 
mere than the arteries because of the direction of 
the blood flow. If our contention be justified the 
bio-chemical influence is bound to reach them in 
greater concentration.
The oedematous escape in the case of the 
vessels in the muscular wall of the pregnant uter­
us is localised to the immediate vicinity of the 
vessel, in this respect differing from the conditions 
present in the abnormal sites of foetal activity 
which we dave studied. This difference must be due 
to the bette’" resistance offered by the tissues in 
the former case because of the we11-marKed muscular 
development which characterises the pregnant state.
I submit the information thus acquired by 
a study of the decidual membrane and the muscular 
wall of the pregnant uterus as providing the strong­
est circumstantial confirmation of the existence 
during ordinary pregnancy of tissue changes similar 
in nature to those which I have detected in the 
above-recorded abnormal regions of chorionic activity.
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MODE OP FLUID ABSORPTION BY CHORIONIC SURFACE 
AND ITS INFLUENCE ON THE MATERNAL CHANGES.
In several places throughout this research 
I have referred to the fact that the absorptive in­
fluence of the foetal elements probably contributes 
a share to the manner in which the maternal blood is 
brought right up against the chorionic surface.
For long it has been recognised that the 
nutritive material abstracted from the maternal 
blood for the services of the embryo must be tahen 
up by the process of osmosis. The influence of 
this process finds its recognition in the modern 
text-boohs of obstetrics. In discussing the changes 
encountered in the pregnant tube and in the uterine 
wall in chorion-epithelioma, I have referred to the 
fact that this fluid absorption by the chorionic 
surface amply accounts for the massing of the red 
blood corpuscles, which is often seen to have occurr­
ed in the immediate vicinity of the foetal elements. 
As the result of the continual abstraction of fluid 
from the adjoining tissue we can see that there must 
be induced a. stream of blood toward.s the caorion from 
the neighbouring vessels, whose walls have been teas­
ed out in the way I have d.escribed. The removal
by /
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by the foetal elements of the watery part of this 
fluid stream must tend to lead to an accumulation of 
the red cells in quantity.
I would advance a similar mechanism to 
explain how the blood is drawn towards the ectoderm­
ic surface in the early ovum. In Peters' specimem, 
for example, there was seen to be a passage of red 
cells across the space intervening between the vessel 
lumen and the chorion. In this way we probably 
have in the immediate vicinity of the embryonic sur­
face in operation a factor in addition to the active 
tissue changes to which I have directed attention. 
That the continual centrifugal stream thus produced 
must be not inconsiderable is suggested by the facts 
that the embryo is at this stage undergoing a rapid 
growth and that into-its composition it is building 
up a large proportion of water. Fehling has pointed 
out that during the first few months of pregnancy 
the embryo consists almost entirely of water. At 
months the proportion is 93*82 per cent of its 
total weight. It would seem not unlihely that a 
similar influence must be in action even in the ab~ 
sence of the foetus i.e., in chorion-epithelioma, 
and especially in view of the fact that the tumour 
cells /
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cells are proliferating rapidly.
In the course of my studies it has been 
borne in on my mind that, in the structural charact­
ers exhibited especially by one of the chorionic 
cellular layers jre have in evidence changes which 
seem to be dependent on the osmotic passage of fluid 
from the maternal blood to the foetal elements. This 
is found in the syncytial layer in the shape of the 
vacuolation which it characteristically exhibits. By 
most observers it is recognised that the spaces thus 
produced serve the purpose of receiving the maternal 
blood and thus of exposing the chorionic surface to 
a large quantity of the fluid from which it absorbs 
the necessary watery and other nutritive elements.
Whilst there is a unanimity on this sub­
ject in the literature there seems to be some differ­
ence of opinion as to the exact manner in which the
(8 )spaces are formed. By Kastschenfco the spaces were 
supposed in some instances to be occupied by young 
mesoblast. By other observers they indicate the 
accumulation of a digestive juice, which is shed, 
by a rupture of the bounding walls, into the surr­
ounding area (Bryce-Teacher.) The fact that it is 
often present in the syncytial layer where there is 
no embryo, e.g. chorion epithelioma, proves that the 
material collecting in the vacuoles cannot be derived 
from /
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from the foetus. (Figure 169 ). it must therefore 
be maternal in origin. It seems to me more than 
likely that it is not fluid which has been absorbed 
by the plasmcdium, and then poured out in a modified 
form as a digestive juice, but that, in reality, it 
consists of fluid which has passed directly across 
in response to mere osmotic .influencesfrom the mat­
ernal blood contained in the adjacent space or spaces 
This explanation is more in conformity with the well- 
recognised function of the chorion, namely the ac­
quisition, in the shortest possible time and in the 
most perfect manner possible, of a supply of mater­
nal fluid for the growing embryo. This is obtained 
by the presence of osmotic diffusion currents origin­
ated by the chemical nature of the plasrnodium and 
which lead to a passage in quantity of the blood 
fluid into the syncytial spaces even before the 
breaking down of the walls has permitted an entrance 
of the red cells. In this way can we- easily under­
stand the intricate arrangement ofspaces often de­
tected in a plasmodial mass, the largest of which 
are usually towards the free surface. (Figures 155 & 
gg ). in this way, also, we may explain the 
manner of origin of the plasmodial sheet which is 
often /
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often seen spread over the decidual surface of the 
pregnant uterus or the surface! of the tissues which 
are the seat of an abnormal chorionic Invasion. The 
osmotic expansion of the peripheral spaces of the 
syncytial mass would lead to its being pressed up 
against the corresponding maternal surface. That 
the spaces produced in the plasmodium may attain 
large dimensions is demonstrated by a glance at the 
plates accompanying the description of the Bryce- 
Teacher ovum.
The same condition of vacuolation is not 
infrequently seen in the Langhans ' cellular layer 
of the chorion. It is evident in Peters' specimen. 
Hubrecht has described this as a characteristic 
feature of the trophoblast of the Hedgehog in which 
it, as in Peters' case, leads to the formation of 
clear lacunae, which ultimately become filled with 
maternal blood. It would seem not improbable that 
in this region, as in the syncytium, we.have in these 
appearances a visible demonstration of the osmotic 
passage across the chorionic surface of the maternal 
fluid, which serves the double purpose of carrying 
nutriment to the embryo, and of paving the way for 
the future entrance of the unaltered blood* This 
is accomplished by the giving way of the lacunar 
walls. /
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walls. Such an explanation of the phenomena it 
seems to me is more consistent with the known facts. 
It does in no way conflict with the fact that the 
chorionic epithelium, in all probability furnishes 
a digestive enzyme.
S E C T I O N  IX.
DECIDUAL FORMATION and FUNCTION Of 
DECIDUAL MEMBRANE.
415
AN INVESTIGATION INTO DECIDUAL FORMATION-
In this section I propose to discuss some 
points in connection with the decidua under two 
headings:-
1. The Sites and Histological characters of the
Decidual Changes detected in the course of 
these investigations, and
2. The Function of the Decidual Membrane.
DECIDUAL CHANGES IN THE PREGNANT TUBE.
I nave had the'opportunity of studying a 
decidual alteration in two different types of cells 
in the wall of the pregnant tube, namely in the con­
nective tissue elements and in the endothelium.
THE CONNECTIVE TISSUE CELLS.
I. Throughout the tubal wall there is apt to
be an enlargement of the intermuscular connective 
tissue elements in a manner similar to that which 
occurs in the uterine mucosa. This condition is, 
for the most part, most evident in the proximity of 
the foetal cells. (Plates vmvill)jn this respect 
my /
my specimens conform with those described, by many 
previous workers on the subject. I have repeated­
ly, during the course of this record, referred to the 
existence of a vacuolated condition of the connect­
ive tissue cells scattered throughout the wall of 
the pregnant tube. This change is much more mani­
fest than the decidua-like enlargement. The former 
change is not infrequently associated with an extreme 
enlargement of the cell body, but it is due, not to 
an increase in cell substance, but to an accumulat­
ion of clear fluid. That the two different changes 
are dependent on the same common factor is suggested 
by the fact that in one place the decidual altera­
tion is present, whilst in the vicinity the fluid 
distension is present. Each of the two conditions is 
traceable in the beginning to the chorionic influence 
which in the one case determines an imbibition of 
fluid which collects in the cell, apparently un­
changed, whilst in the other case it is coagulated 
or is built up into the cell substance. In each 
condition the nuclear changes are identical, namely 
a swelling and a deficient staining reaction.
2. The region of the tube where I have found 
the decidual change most marked is the connective 
tissue of the mucous folds. In one of the specimens 
(3 months) the condition is present in the folds 




fimbriae to divided, uterine end. In the portion of 
the tube corresponding to the site of the gestation 
sac (the ampulla) the mucous rugae are, for the 
most part, detached. The decidual transformation 
of the connective tissue cells is most evident to­
wards the free surface of the folds, which have be­
come enormously expanded in the process. The cells 
exhibit a marked enlargement of the cell body, 
which is granular in appearance. The nucleus is 
also increased in sise but not to the same extent 
as the cell body. The cells are closely packed to­
gether and are mostly rounded or polygonal in shape. 
A glance at Figures94-5 will demonstrate that the 
resulting appearances coincide in every respect with 
what is encountered in the compact layer of the 
uterine decidua.
The perfect similarity between the decid­
ual changes, which occur in the mucous rugae of the 
tube, and those existing in the mucosa-of the preg­
nant uterus, is clearly dependentcn the like nature 
of the tissue present in these two different sites. 
In both regions it is represented by a connective
tissue of a low type.
In all my other specimens a decidual
change /
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change In the tubal mucosa to the extent found in 
this case is absent. That this difference is not 
dependent on the age of the embryo is proved by find­
ing that, not only Is the change poorly marked in 
the rugae of the specimens corresponding to younger 
pregnancies than this, but it is almost entirely 
absent in the oldest specimen of the series, i.e.,
4 months.
From the point of view of one of the objects for 
which these investigations were made, namely, an 
attempt to discover the functions of the normal dec­
idual membrane, it is important to note that, with 
an exception to be recorded immediately, the only 
region of the tubal wall, which is not ploughed up 
by an oedematous infiltrate and in which the vasc­
ular walls are so well supported as to prevent a 
haemorrhage escape, and an increasing distension of 
their lumina is the subepithelial decidual tissue of 
the mucous rugae. These changes are present to an 
excessive degree throughout the whole extent of the 
muscular wall of the entire series of pregnant tubes, 
and. they are detected, in addition, in tie mucous 
folds of those specimens in which the decidual en­
largement of the cells is partially or wholly absent. 
(Figures 90, 91, 95, and Plate XII.).
3. In many of my sections there is present a 
decidua / >
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decidua-like enlargement of the cells of the vessel 
walls, where these are equipped, with a muscular and. 
connective tissue coat. In these cases the decid­
ual elements often form a layer several cells deep; 
in some instances the decidual change has led. to a 
bulging of the inner part of the wall into the lumen, 
which may be considerably narrowed in the process.
The decidual layer is often seen to be external to 
an unaltered endothelium (Figures 93, 100 & 101.)
This vascular change is often present at a consider­
able distance from the foetal elements. The cells 
are easily recognised from these of the Langhans' 
layer of the chorion by the smaller size of the 
nuclei and by the fact that »in their neighbourhood, 
the maternal tissues are well preserved, a condition 
never found in the proximity of the embryonic cells.
Changes in the vessel walls similar to
thosp iust described have been previously observed.
(9) (10) (11)
by other authors (Hitschmann, Fellner, Kroemcr,
(12) / (15) ,Schambacher, Van Franque and Garkisch, etc.). I
refer to their occurrence in my specimens only for 
the purpose of describing their importance from an 
aspect which has hitherto escaped notice, namely 
that, whereas even in thick-walled vessels, in which 
these alterations are absent, there is apt to be a 
wholesale /
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wholesale ploughing up of the walls by a fluid and 
blood exudation, In these oases this process Is re­
sisted, in some instances in a manner which is per- 
fect(c.f. Figures 99,100, & 101 ).
DECIDUAL CHANGES IN THE ENDOTHELIUM.
In my specimens of the pregnant tube dec­
idual changes in the endothelial cells are present 
in two different sites - in the vessel-lining and 
in the peritoneum.
DECIDUAL CHANGES IN THE VESSEL ENDOTHELIUM.
In all my specimens there are found marfced 
changes in the vascular endothelium. The most 
manifest is a vacuolation of the cell body. The 
structural alteration's associated with this, and its 
importance, I have already referred to in a pre­
ceding section, Another endothelial change, which 
has been described by a few observers, I have also 
noted, namely a proliferation of the nuclei and an 
increase in cell substance associated with the dis­
appearance of the cellular outlines, with the produc­
tion of a syncytium-lihe mass. In Figure 102 and 
105 such a change is seen in a small vessel, sit­
uated in a portion of the tubal wall remote from the 
site of the ovum. That it is not due to a portion 
of/
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of syncytium deported, from the foetal area is proved 
by tracing the vessel in series. In the figures 
two successive sections of the vessel are seen, and 
it is observed that the lumen is empty. It looks 
as if the endothelial proliferation had led to the 
creation of the bulbous swelling in the capillary at 
that part.
In other regions of the affected tubes I 
have noted, in addition to a proliferative change, 
an enlargement of the cell bodies, in some cases 
occurring to the extent of identifying the cells 
with those found in the uterine decidua. In figure 
104 is shown a vessel thus affected. Attached to 
the inner wall and sprouting into the vessel lumen 
is seen a mass of large cells, some of which are de­
tached. This appearance I had several, times noted 
in my specimens and had thought to be due to an ex­
tension along the vessel lumen of foetal cells, which 
were in the process of invading the vessel wall. A 
subsequent study of the specimens has, however, con­
vinced me that they, in reality, correspond to en­
larged and proliferated endothelial cells. In the 
first place they are present often at a considerable 
distance from the ovum. In the second place it 
will be noted that there is no invasion of the vessel 
wall./
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wall. The cells can be seen springing from the 
endothelial layer. In the third place, they differ 
widely in structure from the chorionic cells - 
whilst the cell-body is much larger than the cells 
of Langhans ' layer, the nucleus is smaller.
Another fact of some importance is seen in the ab­
sence, in the groups, of syncytial buds. They 
correspond, in other words, to endothelial cells 
which have undergone marked proliferation, the new­
ly formed cells enlarging in a decidua-like manner. 
In other regions there is present a decidual en­
largement of the endothelial elements without a co­
existing proliferation.
DECIDUAL CHANGES in the PERITONEAL ENDOTHELIUM.
In two of my pregnant tubes I have de­
tected a marked enlargement of the cells of the 
peritoneal covering. The detection of the change 
in this site is important in view of the fact that 
there is a vagueness in the literature regarding the 
possibility of its occurrence.I refer to it more 
especially in this place to emphasise a fact of con­
siderable importance in connection with this re­
search, namely the close resemblance existing 
between the endothelial and the connective tissue 
cells in their mode of reaction to the presence of 
the/
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I have already elsewhere described a 
decidua-like enlargement of the peritoneal endo­
thelium as found in one of my specimens (3 months 
pregnancy). In this case the peritoneal covering 
had disappeared in most places^ where present it was 
found to exhibit the change. Since recording this 
specimen f have had the opportunity of studying 
another, in which the change is much more evident.
The age of this specimen was impossible to determine 
because of the fact that the foetal remains were 
broken up by haemorrhage. The appearances present 
suggest that it must have corresponded to a very ear­
ly pregnancy, in all probability situated in an acc­
essory ostium in the upper aspect of the tube. The 
remains of such a structure are distinctly discern- 
able incorporated with the tubal wall and are found 
to encircle the foetal remains. The probability of 
the pregnancy being of this nature is corroborated by 
the existence of a distinct accessory ostium in the 
opposite tube, which was removed at the same time.
I mention these facts as they suggest a likely 
explanation of the peritoneal changes present. 
Situated as it was on the outer aspect of the tubal 




there had been an early oozing of blood into the 
peritoneal cavity, in all probability carrying with 
it the chemical substance secreted by the cells of 
the foetus. The blood escape must have been grad­
ual and the peritoneal aspect was probably thus 
brought for some time under the continual influence 
of the chorionic cells, with the production of the 
changes to be recorded. Under ordinary circum­
stances there is usually in the pregnant tube a more 
or less complete detachment of the peritoneal endo­
thelial covering- due to the softening process.
This is, in my experience, almost invariably the 
case after the pregnancy has advanced beyond a few 
weehs.
Round a large part of the circumference 
of the specimen under discussion the peritoneal endo­
thelium is well-retained. On figure 107 the com­
plete tube in transverse section is shown. In the 
mass of blood clot on the upper aspect the foetal 
remains are present. The dark. line indicates the 
sites in which the endothelium of the peritoneal sur­
face was present. The cells are everywhere enlarg­
ed, sometimes to a marked degree and here again the 
increase in size has involved the cell-body to a 
greater degree than the nucleus, the characteristic 
change/
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change in the ordinary decidual cell of the pregnant 
uterus. The cell substance is distinctly granular 
as in the typical decidual cell. As in their swell­
ing the cells have been closely packed together they 
have assumed a cubical or a columnar shape, and the 
surface of the tube thus appears as if covered by a 
continuous epithelium. (figures 105-$ In many 
places the change is associated with a rugosity of 
the tubal surface. This is due partly to the exist­
ence of distinct villous protuberances,& partly to the 
fact that the swollen endothelial cells have dipped 
down into the superficial part of the tubal wall.
The papillary projections sometimes attain a consider­
able size and may here and there be seen cut across 
transversely and appear to be lying free.
That these appearances are not due merely 
to a warping of the surface by the increase in the 
endothelial area in consequence of the swelling of 
the individual cells is proved by the existence of 
distinct evidence of a cellular.proliferation. In 
many places the cells are seen to be several layers 
deep (figure 105 ). The changes present, then, are 
to be attributed to two distinct factors, an increase 
in the size and. an active proliferation of the cells. 
The cellular enlargement would seem without doubt to 
correspond, to the d.ecidual increase in size of the 
uterine/
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uterine stroma cells during pregnancy.
A study of the changes, which the endo­
thelial and the connective tissue cells of the tubal 
wall exhibit in response to the influence of the en­
grafted ovum, has demonstrated that in respect of 
the two important cellular alterations induced the 
two classes of cells coincide. In each type of 
cell there may occur a vacuolation of the cell sub­
stance due to an active fluid, imbibition or there 
may be a great increase in sise similar to what 
occurs in the pregnant uterus. I have suggested 
on a previous page that it is probable that these 
two changes, so different in their results, may in 
their origin correspond to the same common factor.
In the one case the fluid imbibed has accumulated 
in the cell unchanged, in the other it may contain 
more albuminous matter which is precipitated or is 
built up into the cell body. Be this as it may, 3 
maintain that the complete similarity of the results 
in each case dependent on the foetal influence is 
strong evidence in support of the conception that 
the two classes of cell are structurally alihe.
This idea is, as I have shown, confirmed, by the find­
ing that the connective tissue elements may tahe 
part in the formation of a new endothelium.
de ci du al/
DECIDUAL CHANGES in UTERINE WALL In 
CASE of PLACENTAL RETENTION.
427
In the one specimen in which I have been 
able to study the changes induced in the uterine 
wall by the influence of placental fragments which 
have been retained, I have found the presence of a 
well-marked decidual reaction. This is evident in 
a portion of the mucosa, adjacent to the villi.
Most of the structure has disappeared in the speci­
men, and the villi came close up to the muscular 
wall. In no place was there an actual invasion of 
the muscle.
There is a well-marked enlargement of many 
of the inter-muscular connective tissue cells.
The cell-body, here again, is in­
volved in the increase more than the nucleus. In 
some instances the altered cells are found In clumps, 
in other places they lie imbedded singly in the mus­
cular bundles, (figures 170-2). The cells are in­
distinguishable in size and structure from the 
ordinary decidual cell.
In this specimen, as in the pregnant tube, 
the appearances favour the conception that the pro­
cess which has determined the dropsical accumulation 
in the connective tissue cells is to oe identified 
with/
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with that which, in other cases, causes a decidual 
increase. Here again in the same small area of the 
muscular tissue,cells exhibiting the former change 
are found close to cells exhibiting the latter. In 
many places, also the muscle fibres are seen to be 
separated by clear spaces, which, with a low-power 
lens look like decidual cells, but which, under 
higher magnification are seen to be unoccupied by a 
definite cellular material. In many of these spaces 
nuclei are lying and the appearances seem to be due 
to inter-muscular connective tissue cells which have 
been the seat of a fluid distension. (Figure 170 ).
In many regions of the muscular wall there 
are large multi-nucleated cells, similar to those 
found in the decidua serotina. The fact that these 
are found scattered irregularly through the muscle, 
and often between the muscular bundles at a distance 
from the sites of the villous attachments lends 
favour to the conception that they are maternal in 
origin. - Such would seem also to be the most recent 
interpretation of the similar multi-nucleated cell 
masses seen in the serotina in normal prepmancy.
(Figure 173 ).
Another observation of considerable impor­
tance from the point of view of the decidual format - 
ion/
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formation in this condition is seen in the fact that, 
whereas in the uterine wall even at a distance from 
the chorionic cells there may he a marked haemorr- 
hagic escape from the vessels where these are unsup­
ported hv a definite decidual change in the surround- 
ing tissue, in the proximity of the foetal cells 
this alteration in the neighbouring connective tissue 
elements seems to protect the vessels against the 
blood escape. (Figure 115 ).
DECIDUAL CHANGES in CHORION-EPITHELIO- 
MATOUS UTERUS
THE ENDOMETRIUM.
Where this is retained the stroma walls are in places 
enlarged in a decidual manner. The uterine 
mucosa was preserved in only two of ray specimens 
and in them only in fragments.
THE MUSCULAR WALL.
Throughout the muscular coat the connect­
ive tissue cells exhibit this change to a well-mark­
ed degree. The cells are in most cases easily 
distinguished from the foetal cells with which they 
may be intermingled, by the larger sise of the cell­
cell-body and the smaller size of the nucleus. In 
some places it is more difficult to determine with 
accuracy the origin of the cellular elements; this 
is especially true in the maternal tissue immediate­
ly adjacent to a clump of the foetal cells. As I 
have already mentioned in all cases where there was 
the least difficulty in recognition I have, for the 
purpose of meeting critical objections, in describ­
ing the manner in which the blood escapes from the 
vessels, assumed that the doubtful cells were foetal 
in origin. ,
The decidual cells are in some places 
closely set together to form masses of considerable 
size (Figure 176 ), in other cases they are found 
singly in the muscle bundles (Figure 177 ). In most 
places the nuclei are small and the cell body takes 
on a faint stain. In some instances, however, the 
nuclei may be large, even bigger than those of the 
Langhans' cells. That these correspond to maternal 
cells is indicated by their site: they are scattered
about irregularly in the muscular tissue and often 
at a considerable distance from the regions of the 
tumour masses. Two observations which prove their 
identity/- without doubt are the fact that the cell 
body is much larger than that of even the largest 
foetal/
430
foetal celis, and the fact that in their proximity 
the muscular tissue is not disintegrated to the 
extent invariably present in the neighbourhood of 
the chorionic cells. Here again it is interesting 
to note that where the change has occurred the 
oedematous ploughing up of the tissues, whioh is 
present in other regions, is absent. Even in the 
neighbourhood of the foetal cells, also, the decid­
ual enlargement of the connective tissue cells has 
prevented the teasing asunder of, and the haemorr- 
hagic escape from, the maternal vessels. (Figure 
173 ). In the uterine wall there is the same
dropsical distension of the cells, which we have 
noted in the other regions of chorionic activity.
The fact that the two changes exhibited by the 
connective tissue elements, namely a decidual en­
largement and a fluid imbibition, are somewhat 
similar in their nature, though differing in their 
results, is suggested by finding the two cellular 
alterations side by side in the same small area of 
the uterine wall. In each case the change is 
associated with a swelling of the cell body, and in 
each case it is obvious that the condition is due 
to the same influence, namely a protoplasmic change 
induced by the chorionic activity. In one point 
there is a difference between the two Kinds of struc­
tural change produced in the cells by the process
O ci mcr j
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causing an increase in the size. Whereas in the 
decidual cell the nucleus is more or less centrally 
placed, in the cell the seat of a fluid imbibition 
the nucleus is usually pushed to the periphery of 
the cell-body, where it may be markedly flattened.
In the chorion-epitheliomatous uterus, as 
in the case of the placental remnants, there is 
found an abundance of very large cells with a large 
nucleus. Both cell substance and nuclear substance 
usually stain faintly. Here again I believe that 
these cells are maternal in origin;they differ in 
structure from the chorionic elements(Langhans 1 cells 
and Syncytium) and they are often situated between 
the muscular fibres at a long distance from the site 
of the foetal invasion. The muscle in their immedi­
ate proximity is, as before, often well-preserved.
I am convinced that they correspond 
to altered connective tissue cells.
In the uterine wall, also, there are 
detected large multinucleated cells, similar to those 
present in the decidua serotina in normal pregnancy, 
and identical to those scattered irregularly about 
the uterine muscle in the specimen exhibiting the 
effects of placental remains. Here again I believe 
their origin from maternal connective tissue cells is 
likely.
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THE DECIDUAL MEMBRANE OF NORMAL PREGNANCY.
This structure, as is well-known, is com­
posed of the mucous membrane, which, during pregnancy, 
becomes greatly thickened throughout the entire 
extent of the uterine body. The change, except in 
very rare instances, ceases at the level of the in­
ternal os. The increase is due almost entirely to 
the changes in the stro.na elements. These become 
markedly enlarged to form the decidual cells. This 
change is most marked in the outermost region of the 
mucosa, which becomes the compacta. Here the main 
substance consists of the altered cells and the blood­
vessels. There are fe\y or no gland remains, in 
the deeper part of the mucosa there is a marked 
glandular hyperplasia and dilatation, transforming 
this region into the decidua spongiosa. In the 
tissue bridges between the expanded glands the alter­
ation in the stroma cells is usually less marked than 
in the compact layer.
The decidua reflexa is the part of the 
uterine mucosa which intervenes between the implan­
tation cavity and the uterine lumen. The decidua 
serotlna separates the foetus from the muscular wall 
of the uterus, and. from it the maternal part of the 
placenta/
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placenta Is formed. The decidua vera corresponds 
to the part of the altered mucosa not In direct 
relation with the foetal structures. It forms, in 
the early months, the main part of the decidual 
membrane, and consists of that portion of the thick­
ened mucous membrane not comprised within the former , 
two. Without touching on many of the aspects of 
the decidual membrane, which are described in the 
text-books an obstetrics, I shall pass on to con­
sider it from the points of view which more particu­
larly concern this investigation. I wish to approach 
the discussion of the subject under three headings:
(1) The Factors responsible for the decidual change
(2) The Structure of the decidual membrane.
(3) The Function of the decidual membrane.
FACTORS RESPONSIBLE FOR DECIDUAL FORMATION.
The exact stages in the process of the 
decidual alteration of the uterine mucosa are still 
incompletely filled in. Of some points, however, 
we may be certain. In Peters ' early ovum the 
decidual change is located entirely to the environ­
ment of the embryo. Even here the change must be
considered to be in its earliest stage. In later
(3) <14) .embryos (Leopold, Merttens, etc., ) the decidual
increase/
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increase in the cells is still imperfectly developed,
and even at the sixth week it is found well-marked
only in the compact layer of the decidua vera 
( V)(Webster.) The maximum development in the vera is
(15)attained at the end of the second month (Klein,) be-
tvreen the second and third months (Webster,) or
between the third and fourth months (Whitridge 
(16)Williams.) These observations prove beyond doubt 
that the change progresses up to a certain point with 
the duration of pregnancy. The conditions present 
in Peters 1 specimen Justify the conclusion that the 
decidual increase is dependent on a stimulation of 
the stroma cells by some influence emanating from the 
foetal cells. This stimulus, at first located to 
the region of the engrafted ovum, soon extends the 
sphere of its influence. The more distant regions 
of the uterine mucosa come gradually under its sway, 
until, at the stage which corresponds to the com­
pletion of the decidual change, the foetal influence 
has reached the maximum of its power.
What are the nature and the source of this 
foetal influence and how is it disseminated? The 
exact nature of this influence is still a matter of 
conjecture, though there would seem to be little 
doubt that it consists of some substance of a 
chemical nature, probably a ferment or ferments, the 
results/
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results of which are the complex of maternal tissue 
changes which characterise pregnancy. The origin of 
the influence which determines the decidual change 
we know with certainty. The fact that it is well- 
marked in the maternal tissues where only the chorion­
ic cellular layers are present e.g. chorion epitheli­
oma, proves beyond doubt that it originates in the 
ectodermic cells, and not in the foetus or the meso- 
blast of the chorion. As regards the mode of its 
dissemination to regions distant from the actual site 
of the ovum it is clear that this may be accomplished 
in one or other of both of two ways. It may be due 
to a passage by direct extension through the tissues, 
by a process of diffusion, or it may be carried by the 
blood stream. In support of the first mode of 
transmission is the fact that in Peters ' early ovum 
the change which is present in the rnucosa only in the 
proximity of the chorion, has, however, involved the 
tissues at some little distance from the embryo. It 
may, however, be urged that here the transference was
by the blood stream and that, in this early stage, 
the influence becomes quickly diluted as it leaves 
the chorion. The fact, however, that in tubal preg­
nancy the wall of the tube is invariably the seat of 
the degenerative and decidual change? at a considerable 
distance/
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distance from the ovum bed, and. that, in the i)rocess, 
both the arteries and veins are affected, would prove 
beyond doubt that there must be a certain amount of 
direct diffusion through the tissues. The same is 
seen in chorion-epithelioma. On the other hand, the 
extensive involvement of the uterine mucosa in the 
decidual change would suggest that there must be a 
certain degree of blood dissemination. This fact 
is also suggested by the occurrence of a decidual 
transformation of the mucosa of the uterus or of the 
opposite tube in tubal pregnancy and of the occasional 
development of a decidual change in the tube in 
uterine pregnancy. It would seem that to satisfac­
torily account for these phenomena we must admit the 
occurrence of a spread of the chorionic influence by 
the blood stream; this conception is, moreover, 
consonant with the fact that during pregnancy there 
take place many and marked tissue changes in distant 
parts of the body e.g., mammary signs, thyroid 
enlargement, etc.,
The occurrence of a decidual change in 
pregnancy in the mucosa of the uterine body and except 
in rare instances, its absence in the cervix, and 
distant regions, and its occurrence in a marked degree 
only in the uterine mucosa and the tubal mucosa in 
many cases of tubal pregnancy, demonstrate beyond 
doubt/
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doubt that for its development there must be a 
susceptibility on the part of the tissues. The 
structural necessity for the presence of a well- 
marked decidual reaction is that the tissue must 
approximate in character to that of the uterine mu­
cosa. This essential is presented only by the 
mucosa of the tube. In each case the stroma is of 
a peculiar, undifferentiated embryonic type. We 
have seen that it is the soft displacable nature of 
this tissue which permits, in the uterus, of the 
ready opening up of the vessels and an oedematous and 
haemorrhagic escape into the stroma during menstrua­
tion, and, in all probability, during pregnancy.
Does it not seem strange, to say the least of it, 
that the only region where, in normal pregnancy, the 
blood and dropsical escape has occurred'to any extent 
is the vicinity of the embryonic structures, whereas, 
as is seen in menstruation, the uterine mucosa is 
obviously constructed to allow of a ready blood 
escape at any part of its surface? Does not the 
coincidence, namely the existence of a blood escape 
which is definitely localised in one place, the 
other regions of the stroma remaining blood-free, 
assume proportions which are remarkable when we note 
that the extraordinary increase in the stroma cells, 
which occurs during the decidual change, would seem 
to/
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to be able to effectually prevent such a blood, 
escape except in the region of the implantation 
cavity, if there were any tendency to ins occurrence? 
This question I shall again raise in the next sec­
tion of this investigation.
S U M M A R Y  .
The decidual increase in the stroma cells 
of the uterine mucosa during pregnancy is traceable 
to some influence, probably bio-chemical in nature 
(enzyme) emanating from the chorionic cells. This 
stimulus reaches the cells of the stroma either by 
a direct spread through the tissues from the region 
of the foetal cells, or by transmission along the 
blood stream.
s t ru ct ure/
STRUCTURE Of tile UTERINE DECIDUA.
My specimens have afforded me the opportu­
nity of observing some points of especial interest 
and importance in connection with the investigations 
previously recorded on the structure of the vessels 
of the endometrium, and on the changes which are 
associated with a decidual formation in abnormal 
locations, especially the pregnant tube.
In an enlargement of the stroma cells in 
the decidua vera many differences in the resulting 
changes are found. In some cases the cells are 
round, oval, or polygonal in shape, in other instances 
they are spindle-shaped, often being drawn out to a 
remarkable/
remaricaole degree. in some cases they are separated 
fron one another by distinct spaces and they are then 
often seen to be united by protoplasmic outrunners 
of the cell bodies. The intervening spaces may be 
clear or they may occupied by a granular or fibriller 
material which stains with eosin. It is probably co­
agulated serum. In many places leucocytes and cells, 
which look like unaltered stroma elements, are seen 
lying between the decidual cells. Between these small­
er cells and the largest decidual elements, it is easy 
to detect all gradations in size. 3/ some observers 
(Marc hand (17) Rossl-Doria (13) ), these appearances 
Indicate active transformation of the one size of cell 
into the other. They have described mitotic figures 
vhich would indicate that there is associated with 
the change an active proliferation. Whilst my 
specimens confirm their interpretation of the role of 
the smaller cells, I have been unable to detect the 
presence of the mitosis. On the other hand, in 
many places cells with double nuclei are visible, 
which, in several instances, would seem to nave oeen 
formed by a process of direct nuclear division (Fig­
ures 133-3). On the question of the possible occur­
rence of a mitotic division in the decidua my specimens 
comprising as they do only three complete decidual 




pregnancy of 2-|- months, clo not permit of a definite 
pronouncement. The fact, however, that there is 
evidence of a proliferative change associated with 
the decidual increase in size of the cells would tend 
to bring these observations in line with those re­
corded in connection with the pregnant tube. We there 
saw, in gome locations, a distinct hyperplastic 
change conjoined with the decidual enlargement of the 
cells. In the respect just mentioned my specimens 
accord with the changes described by many other 
observers.
In many regions of the decidual membrane 
the cells are packed close together and the shapes 
they assume are obviously due to mechanical pressure 
against one another. The degree of expansion of 
the cells, which varies within wide limits,
would seem likewise to be determined in some places 
by factors purely mechanical in nature. For example 
it is often possible to detect a smaller cell wedged 
tightly between surrounding larger cells, wbose size 
would seem to have prevented its further expansion
In man}'- places the cells have attained 
an enormous size and then they are usually seen to be 
packed tightly together. (Figurel32) Between the 
distended glands in the spo^giosa, on the other hand, 
the/
the same dense packing together is often seen where 
the cells are comparatively small.
Here again mechanical influences have been at work, 
the 3mall tissue bridge precluding an opening out 
which is essential to the cellular expansion if it 
is to occur to any marked extent. As a general rule 
in my specimens the cells in the spongy part of the 
decidua are smaller than they are in the compact a. 
Another factor, also mechanical in nature may explain 
this. As has been shown by several observers the 
decidual change in a given area of the mucosa pro­
gresses from the surface inwards. The increase in 
size of the outermost cells Is allowed to occur at an 
advantage, because of the ease with which the surface 
of the mucosa can become displaced towards the 
uterine cavity & the area of the corresponding part 
of the mucosa is allowed to increase. These changes 
are seen in the marked projections and undulations
V
on the 'surface of the decidua. In view of these 
facts it is obvious that the deepest parts of the 
■ mucosa, under ordinary circumstances the best 
supported because of their situation, are still 
further prohibited from an increase in size by the 
decidual increase in the superjacent stroma. I 
believe that this amply explains the fact that the 
spongiosa/
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spongiosa cells are usually smaller than those of 
the compact layer. I mention these facts because 
of their bearing on the decidual changes which are 
seen in the vessel walls.
In the section devoted to an investigation 
of the structure of the endometrium I advanced the 
belief that the entire extent of the stroma, includ­
ing the intimal and outer cells of the vascular 
walls, is composed of an undifferentiated embryonic 
material, connective tissue in nature. In support 
of that view I was able to demonstrate, I believe 
without doubt, the structural similarity between the 
endothelium and the stroma. It was shown, also, 
that during menstruation the intimal cells are easily 
separated from one another and, with the surrounding 
stroma, are often displaced to form the walls of a 
newly-formed, blood space. This process is often 
associated with a suffusion of the surrounding 
tissues with fluid and red cells. The same obser­
vations were shown to apply to the outer supporting 
cells of the vessel wall. In the mucosa, except 
at the part immediately abutting on the muscle, there 
is an absence of elastic o^ muscular tissue in the
vessel walls.
The study of the pregnant tube and of the




additional support to the conception that the endo­
thelium and stroma cells of the mucosa are structu­
rally identical. In these regions we found this 
similarity again appearing in the perfect resemblance 
between the two elements in their response to the 
chorionic influence. In each there was apt to be 
a fluid imbibition or a decidual enlargement, and in 
some cases the connective tissue cells were seen to 
function as endothelium.
Do those observations coincide with the 
appearances revealed in the decidual membrane? It 
is clear that, In the marked deviation of the mucosa 
from the ordinary condition which characterises the 
pregnant state, we should have an opportunity of 
putting the above interpretation to the test.
In many places the blood-vessels are 
lined with cells which correspond in every respect 
to those in the surrounding decidual tissue. This 
is chiefly the case in the distended vessels. In 
these the decidua may come right up to the blood.
In other vessels, and this is the usual condition, 
the lining layer Is formed by flattened and elongated 
cells, similar to the endothelium in the resting 
state. It is obvious that the former appearance is 
due either to the fact that the endothelial cells 
of/
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of the 'blood space have been detached and have dis­
appeared or to the fact that they have become en­
larged in a decidua lifce manner. If the latter 
interpretation be true the existence of an unaltered 
endothelium in the case of other vessels must, in 
all probability, be due to some difference in circum­
stance which has determined the retention by the 
cells of their wonted size and shape.
If the endothelial cells in the uterine 
mucosa are Immune to the decidual changes they must 
differ in their structure and their mode of response 
to the chorionic influence from the endothelial cells 
in the tube. Here we saw in many places a definite 
enlargement of the cellular elements in a decidual 
manner and this both in the vascular endothelium 
and that in relation to the peritoneal surface.
That thero does exist -such a structural difference 
betv/een the endothelium in the two sites is, on the 
face of it, unlifcely. The exact similarity between 
the two structures in their reaction to the foetal 
influence is, moreover, not difficult to demonstrate.
In proof of this I submit the following observations:-
(l) In many places» as I have said, the vessel 
lumina are found to be lined by a layer of 
cells similar in every respect to the surround­
ing decidual elements. (FiguresJ.06-7) it164
is/
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is unlikely that this appearance is clue to a 
detachment and disappearance of the unaltered 
endothelium because, whereas in the same 
sections many of the vessels are lined by 
cells apparently unchanged, there is no trace 
of the process in action. Under these cir­
cumstances one would expect to find in some 
locations a cellular separation occurring if 
by this means we are to explain the appear­
ances.
(2) In many places one can actually see the
decidual enlargement of the cells in the pro­
cess of occurrence. On Figure 188 is seen 
a vessel from the decidua vera on the side 
of the uterus opposite to that occupied by 
the placenta. 'Here we see a marked pro­
liferation of the endothelial lining, which
has resulted in the projection into the
'vessel lumen of masses of the cells. Their 
appearance negatives the possibility, which 
otherwise might have been entertained, that 
they are chorionic cells. The nuclei are 
smaller, and in staining reactions they 
correspond to the surrounding decidual cells! 
Their site, also, throws this interpretation 
completely/
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completely out of court. The cellular mass 
can be traced through a number of sections, 
and the change can be detected throughout a 
long extent of this vessel. It can also be 
seen in several other of the vessels. So 
far as I know it has not previously been 
described in the decidua vera.
The appearance obviously indicates the 
presence of an active endothelial proliferation.
The point to which, however, I wish to direct special 
attention is the large size attained by the cells, 
many of which are as large as some of the increased 
cells in the adjacent decidua. The change is, 
without doubt, of the same nature as that exhibited by 
the elements of the stroma. The explanation of the 
fact that in this region they have not enlarged to 
the enormous degree exhibited by some of the sur­
rounding decidual cells is probably to be found in 
the mechanical packing together which has occurred. 
This I shall refer to again. The division of the 
cells is, in all likllhood, by an amitotic nuclear 
fission. In no place could I detect mitotic
figures. In many of the cells the nuclear division
can be seen in the process . In this
respect, again, they thus coincide with the 
surrounding/
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surrounding stroma elements, where the same nuclear 
changes are present.
In some sections, also, I have been able 
to detect similar changes in the vessels in the 
muscular coat. In figure 190 is represented such a 
vessel. This was present in a different specimen. 
Here there is seen on either side a cellular mass 
projecting into the vesel lumen. The masses are 
attached to the vessel wall and are obviously endo­
thelial in origin. In appearance and staining they 
differ widely from the foetal cells. In this 
specimen they have undergone a greater degree of 
enlargement than in the last specimen. They are 
undoubtedly to be looked upon as decidual cells.
In another part of the same vessel the endothelial 
vacuolation, to which I have repeatedly referred, is 
to be seen. The wall of the vessel and the surround­
ing tissues in this case are involved in an oedernatous 
escape. The same changes are seen in figure 167.
The observations seem to me to demonstrate 
beyond doubt that the uterine endothelium has the 
faculty of exhibiting a decidual change in a manner 
as perfect as that of the stroma cells. As in the 
stroma it is clear that here, also, the decidual 
alteration is intimately bound up with a definite 
proliferative/
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the stroma. (Figures 188&191) The cells are often 
elongated, and spindle-shaped and arranged, round the 
vessel in concentric circles; the individual cells 
often become wider and wider as the vessel is left.
Of course in these cases the enlargement may have 
occurred in the other cell diameters and the 
appearances we see may correspond to sections across 
enlarged cell discs. Be this as it may, the result­
ing appearances would seem to prove beyond doubt the 
great importance of purely mechanical influences. 
Another point of the very greatest importance in 
this connection is to be found in the fact, which 
is easily understood, that in the expansion which 
accompanies the d„ecidual increase the looser tissues 
of the stroma are involved before the more con­
densed. structures in the vessel proximity. In 
this region, we shall recollect,the condensation 
increase^towards the vessel lumen. This fact would 
seem amply to account for the conditions present - 
the stiffening of the perivascular tissues which 
must occur during the decidual change willtendtoblock 
the way for the process in the tissues immediately 
adjoining the vessel wall and in the vessel wall 
itself. This result forms the counterpart of what 
we have seen to occur during a teasing asunder of the 
vessel/
vessel walls and stroma during menstruation, where 
in the ease of a well-supported vessel the detachment 
occurs in concentric layers, the process gradually 
advancing inwards to the endothelial lining.
These considerations must explain to some 
extent, also, why in many cases the stroma cells 
forming the vessel wall, especially in a well-support­
ed vessel .often do not exhibit a decidual enlargement 
at all.
The effects of mechanical factors is well 
seen by a study of figure 191where we see a gradual 
diminution in the obvious decidual increase in the 
cells as the endothelial layer is approached.
It seems to me that we must loofc to the 
above-noted facts for an explanation of the absence 
of the d.ecidual increase in the endothelium in 
many cases. The better supported the surrounding 
stroma and vessel wall the less the chance of a 
decidual enlargement occurring. It would be just 
as irrational, in view of what we have previously 
learnt, to say that, because the endothelium does 
not exhibit the change in some instances,it therefore 
differs structurally from tie other endothelium and 
the stroma where the change is present, as it would 
be to declare that the stroma elements which fail to 




functionally from their neighbours, which exhibit 
the process. In conclusion I would submit as strong 
confirmatory evidence of my contention the fact that, 
for the most part, the decidual increase in the endo­
thelial cells is most evident in the expanded vessels 
and the vessels in which the decidual enlargement of 
the stroma has involved the entire thichness of the 
vessel wall. These are obviously vessels in which 
the opening out of the stroma has occurred to the 
greatest advantage.
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(l) The investigations support the observations 
of previous workers that, in conjunction 
with the decidual enlargement of the stroma 
cells, there is present an active prolifera' 
tive change. The cell division is by 
amitosis.
(2) Mechanical influences explain many of the
variations in size and shape of the cells.
(5) There may occur a true decidual change in
the endothelium of the mucosa vessels and 
also those of the muscular coat. Here we 
have evidence both of enlargement and pro­
liferation by direct cellular division. 
These observations complete the evidence in 
favour of the structural identity of the 
endothelium, and the stroma cells of the 
uterine mucosa.
(4) Where an obvious decidual change in the




THE FUNCTIONS OF THE DECIDUAL MEMBRANE.
The theories advanced in the literature to
explain the functions of the uterine decidua may be
grouped under one or other of two headings: (1) it
is laid down as a barrier against excessive foetal
invasion of the maternal tissues, (2) it serves as a
storehouse for nutriment, which is absorbed by the
growing foetal cells. The orthodox conception of
the probable functions of the decidua is thus
expressed by Whitriage Williams in his text-book of
Obstetrics (1918): "the function of the decidua may
not merely be to afford a suitable structure for the
implantation and nutrition of the ovum, but also to
protect the maternal organism against invasion by
foetal tissues". The'idea that the decidual cells
have a nutritional function to perform is to some
extent supported by the results of histological and
experimental researches in the lower animals. It
would seem not unlikely that the decidua has in some
animals (rabbit) a definite function to perform in
(19)
connection with the glycogenic metabolism (Bernard, 
(20) (21) (22) (23)
Godet, Maximow, Chipman, Lochead etc.) The cells
in the maternal part of the placenta are seen to act 
as/
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as a secretory mechanism and a storehouse for
glycogen which is apparently directly taken up by the
advancing foetal elements. The same may be true for (24)
fat (Eden, Chipman etc.,) and other food substances.
The other explanation of the decidual 
function, namely that it prevents an excessive foetal 
invasion, is in a sense directly antithetic to that 
just mentioned. In the one case the cells act as 
a deterrent to the chorionic growth, in the other 
case, by providing nutrition, they would actually 
foster this growth. Neither of these explanations 
accounts for the presence of the decidua vera. The 
decidua serotina, I believe, contributes largely to 
the limitation of the growth of the foetal ectoderm 
into the maternal tissues, but in a different manner 
than is usually believed. The decidua reflexa 
clearly serves the function of shutting in the 
embryonic cavity -nd the intervillus blood space.
In view of the early atrophy of the foetal villi in 
relation to this part of the decidua it is impossible 
to conceive that the complete transformation of the 
uterine mucosa to form the vera is for the purpose of 
preventing a wholesale invasion of the uterine wall. 
The fact that so far this part of the altered mucosa 
has not been associated with a definite function is 
candidly/
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candidly admitted in the following words : "We are
unacquainted, with the functions of the decidua vera" 
(Eden - Manual of midwifery, 1908.)
It seems to me that the probable nature 
of these functions is to be found in the investiga­
tions which I have recorded in connection with the 
mode of the chorionic action on the maternal tissues. 
The precise nature of this activity we have seen 
in the abnormal regions studied, and the conception 
that in the uterine mucosa the same processes are 
in operation has been reinforced by the 
study of the early decidua, especially in the cases 
of Peters and. Bryce and Teacher, and the appearances 
detected in the decidual membrane of a later date.
I have shown that in the pregnant tube, 
and in the uterine wall, the seat either of a simple 
or a malignant chorionic involvement, definite 
tissue and vascular changes were present. These 
consisted in a wide spread oedematou3 and blood 
escape from the vessels, associated in many cases 
with a wholesale teasing asunder of the vessel walls, 
and a gradually increasing expansion of their cavity.. 
These conditions, whilst most marked in the immediate 
vicinity of the foetal ectoderm, were present even 
at a considerable distance from this. The chorionic 
influence,/
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influence, in all probability to bo identified with an 
enzyme or enzymes, has led. to a softening and 
solution of the muscle, and, what is more important 
in so 'ar as the analogy with the uterus is concerned, 
to an active imbibition of fluid by the connective 
tissue elements. In all these locations I have 
pointed out that a decidual change in the surrounding 
connective tissue elements tends to prevent these 
irregular and uncontrolled vessel and tissue changes. 
The influence of this decidual change was demonstrat­
ed in a manner which leaves little room for doubt 
in the pregnant tube. Here it was found that the 
only regions of the tubal wall which had resisted the 
changes were those with a decidual enlargement of 
the connective tissue cells. This in some cases 
was present in the vessel wall. (Figure^ 9S-l01)jn 
other cases it was present in the tubal folds. On 
plate & figures 95-96 are shewn a representation
of the conditions present. Whilst the muscular 
coats, and the thick walls of a large vein are 
opened out by oedema and blood dragged out as the 
result of the tissue changes and this even at a con­
siderable distance from the embryo, the stiffening of 
the connective tissue of the mucosa by the marked 
decidual enlargement of the cells has completely 
prevented /
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prevented, the process. It seemsclear that this is
due to the mechanical support given to the vessel 
walls and the surrounding tissue by the dense packing 
of the altered cells.
Is there any evidence that such a function 
is subserved by the uterine decidua? Here we have 
seen there are changes which indicate the existence 
of protoplasmic changes of the same nature as those 
which have, in the other sites, led to an uncontroll­
ed blood escape and an irregular and increasing 
vascular expansion. That here also the decidual 
packing of the cells is intended for a limitation of 
these changes is convincingly demonstrated by a com­
parison of the maternal tissues in the neighbourhood 
of the ovum in Peters ' case with those in an embryo 
with a more marked maternal reaction e.g., Bryce - 
Teacher. Whilst in the former, where the decidual 
process is in its Initial stage, there is a whole­
sale & irreaular ploughing u p  of the immediate tissues 
by fluid and blood, and an enormous vascular disten­
sion, in the latter the changes, though present to 
some extent, are much more limited. In a still 
later stage they become completely lost. Figure 155 , 
taken from one of Bryce and Teacher's plates,indicates 
clearly the influence of the decidual change when it
is/
is contrasted with one of Feter's plates represent­
ing the same relative position. (Figure 153.)
The ultimate cellular changes associated 
with the decidual condition are still beyond our 
grasp; any explanation must be in the main con­
jectural., it would seem, however, clear that the 
increase in the cell contents associated with the 
change must be derived from the blood. • In fact 
we are inevitably forced to the conclusion that in 
the change we have a positive indication of a tissue 
alteration which has resulted in an active and an 
extensive imbibition of fluid from the blood stream. 
This may be d.irectl]̂  furnished by the blood-vessels 
or it may partly be lymphatic in origin. In this 
consideration it seems to me that so far we have a 
strong analogy with the process which I have advanced 
to explain the manner in which the maternal vessels 
are opened up diiring pregnancy. This I have indica­
ted is probably dependent on protoplasmic tissue 
changes which determine an active imbibition of the 
blood (fluid and corpuscles) by the uterine stroma. 
The analogy between the two processesceases at the 
immediately succeeding stage, for whereas in the one 
case the fluid absorbed remains unaltered in consis­
tence and as such can pass freely through the tissues, 




substance. The necessity of this is obvious - it 
prevents the oedematous teasing out of the vessel 
wall and the occurrence of an irregular blood in­
filtration at regions where its presence would be not 
only unnecessary but injurious.
The exact manner in which the change ad­
vances in the decidua vera is still imperfectly 
worked out. Different observations in early cases 
would tend to indicate that it commences in the sur­
face part of the mucosa and advances in an outward 
direction towards the spongiosa. This would seem to 
be due to the fact that in the superficial parts 
a spreading out of the stroma is more easily 
accomplished (cf. menstruation and many pathological 
conditions.) Here also the vessel walls are thinner 
and correspondingly easier of separation with a per­
mission of the fluid escape.
In some of the' lower animals, e.g., rabbit, 
the decidual transformation of the cells begins in 
the immediate vicinity of the vessels and advances 
steadily in an outward direction till the complete 
decidual surface is formed. This appearance is 
easily understood, in view of the fact that the 
necessary fluid is derived from the blood stream «The 
cells in all probability immediately assume tie 
decidual/
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decidual state as they receive the means of doing so. 
The condition present in these cases strongly 
suggests the existence of a measure intended for the 
support of the vessel wall. Does the change in the 
human stroma also begin in the vascular regions?
If my views be correct it seems not unlikely that 
such is the case. In this connection I shall 
await the results of future investigations with 
interest.
What is the significance of the prolifera­
tive change present? As has been suggested by other 
observers it may indicate the means by which the 
stroma is recuperated for the death of the decidual 
elements, many of which, especially after the first 
few months, are seen to be degenerating. Or it may 
be (and both purposes are probably thereby served) 
an accessory means by which the decidua undergoes 
the increase in length necessary to keep apace with 
the increase in the uterine cavity.
DECIDUA SEROTINA.
If the conclusions just formulated be 
justified we are enabled to appreciate the manner in 
which the foetal elements are prevented from irregu­
larly infiLtrating the maternal tissues. Me shall,
perk ape,/
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perhaps, better understand this by recalling the 
analogies presented by the pregnant tube and the 
foetal invasion of the maternal structures seen in 
chorion-epithelioma. When a mass of the foetal 
elements in either of these regions comes into con­
tact with the mother's tissue there occurs a soften­
ing and in many cases, especially where muscle Is 
included, an actual solution. The important result 
of this action from our point of view is that there 
is an active imbibition of fluid by the affected 
part. This may be derived either from the space in 
which the chorionic cells lie (e.g. a vessel) or It 
may be passed across the tissue intervening between 
these and a neighbouring vessel. In either case the 
essential element for the nourishment and growth of 
the foetal cells (i.e. the blood fluid) is obtained. 
It is therefore the presence of maternal fluid or 
blood at a given point which determines the chorionic 
increase.
In the decidua the change in the cells has 
prevented, this softening and fluid infiltration of 
the tissues. For this reason the food necessary for 
the growth of the foetal elements Into their midst 
is wanting. When they come into contact with the 
resistant tissues their development is arrested.
We/
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We thus see that the decidual change, which is pro- 
vohed by the foetal influence, has in this region 
functioned in exactly the same manner as in the other 
decidual regions i.e., it has prevented the tendency 
to an active transference of fluid into and through 
the tissues. We thus see that the function of the 
serotina is to act as a barrier to the foetal invas­
ion but only in so far as we have indicated.
The rationale of this action is clearly 
indicated by comparing the effects of the chorionic 
activity in the pregnant tube and in chorion-epithel- 
ioma with those present in the decidual membrane.
I have referred to the softening and fluid separation 
of the tissues which occurs in advance of the chorion­
ic cells in the former cases. In the vessels this 
fluid imbibition is often associated with an aneuris- 
mal expansion of their lumen - the walls in the pro­
cess receding from the foetal cells where these 
are in the cavity. Teacher, who, I believe»first 
described this condition, rightly saw in it an 
analogy to what occurs in the production of the 
normal Implantation cavity of the ovum. His inter­
pretation of the details of this analogy I have 
advanced reasons to show was imperfect. I have 
pointed out that the change is by no means confined
to/
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to vessels containing the foetal elements. It is 
widespread and it is often seen to result in a whole­
sale advancing of the vessel spaces toward the 
chorionic cells. (cf. Peters' ovum.) It seems to 
me that this latter process more accurately accords 
with the manner of production of the implantation 
cavity, that it is an opening out of the tissues in 
advance of, rather than a destruction by, the embry­
onic cells. This idea T have shown conforms with 
Peters 1 specimen.
If such be the case we have a further 
explanation of the decidual function. As shown by 
the Bryce-Teacher specimen it early reaches a 
degree in the vicinity of the ovum well-nigh perfect. 
It must then prevent a further increase in the 
implantation chamber in the way we have mentioned, 
and which is associated with a displacement and 
thinning of the underlying stroma. The enlargement 
of the cavity then must be due, not to a destruction» 
but to a hypertrophy, of the walls, (decidua and 
muscle. ) This it seems to me is absolutely certain. 
If it were otherwise the uterine wall would soon be 
thinned out and destroyed. We can now appreciate 
the importance of the proliferative change. By an 
increase in the decidual and the muscular elements 
there/
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there occurs the gradual expansion of the uterine 
wall and the enclosed gestation cavity.
The effects of the decidual change in 
preventing the above-mentioned tissue softening and 
displacement is well shown by comparing figure 192, 
which shows a chorionic mass within and in contact 
with the walls of a decidual vessel, with the results 
seen in the case of a similar mass in a similar 
situation in the pregnant tube or in chorion epithel­
ioma.If I am justified in the employment of the 
analogy, and I am, in this respect, following in the 
footsteps of most previous observers, it seems to me 
the demonstration is conclusive.
Whilst limiting the extent of the above- 
mentioned tissue changes, whilst preventing an 
excessive displacement and thinning out of the mucosa 
underlying the ovum,' and, at the same time, an 
irregular fluid and blood infiltration of the stroma, 
the decidual change in no way interferes with the 
presence of the intervillous space, in which the 
foetal elements are richly supplied with the maternal 
blood, and in which they undergo the marhed prolifer­
ative changes, which we associate with the human 
placenta. It is, at first sight, difficult to 
understand how it is that the enormous increase in 
the stroma in consequence of the decidual change, due 
to/
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to the cellular enlargement and the cellular prolif­
eration, does not encroach on and even obliterate the 
intervillous space. We have seen the change well- 
marked even in the very early stages of the imbedding 
process, when the implantation chamber scarcely 
measures 2 mm. in its longest diameter (Bryce- 
Teacher ovum.) The extraordinary increase in 
volume of the mucosa associated with the decidual 
alteration is emphasised when we remember that, not 
only does it increase pari passu with the increase in 
the length of the uterus, but it actually, in the 
early months, increases out of proportion to this.
The difficulty, it seems to me, is the same as that 
associated with the fact, that, in spite of the 
increase in volumne of the surrounding stroma, the 
vessel lumina are not encroached upon, at any rate, 
in the large majority of cases. What is the secret 
of this?
To account for these phenomena I would 
advance the following explanation. From what I have 
pointed out in a previous section of this investiga­
tion it seems likely that In a given area of the 
stroma the decidual increase in the cells only occurs 
to an extent strictly proportional to the degree in 
which there has occurred, or in which there tends to 
occur,/
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occur, an opening out of the structures. This fact,
I have shown, amply accounts for the absence of the 
change in the endothelium and the supporting cells of 
the more condensed vessel walls, and it accords with 
its occurrence in the vessels which seem to have 
opened out. If this be true then we can easily 
understand how it is that the integrity of the lumen 
is preserved. The same will apply to the intervil­
lous space.
summary/
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Cl) In the uterine mucous membrane and nuscular 
eoat during pregnancy there is evidence of a 
wide-spread tissue change tending to lead to 
an uncontrolled opening-up of the vessel walls 
with an irregular oedematous and hasmorrhagic 
escape. It is present throughout the entire 
extent of the uterine wall, and it is due to 
the gradual extension of the chorionic influ­
ence from the embryonic site by a direct pas­
sage through the tissues or by a circulation 
along the blood stream.
(S) Unlike what is found in the pregnant tube, in
the uterine mucosa and muscular wall in the
case of retained placental fragments and in 
chorion-eplthelioma the haemorrhage and oedema 
in normal pregnancy are limited to the region 
of the embryo and to the immediate proximity 
of the vessels. The irregular and uncontrol­
led vascular expansion found in the abnormal 
regions of chorionic activity is limited in 
the case of the pregnant uterus.
(3) In the abnormal regions the only sites where
the limitation of these vascular and tissue




has taken place a decidual enlargement of 
the connective tissue cells.
The uterine mucosa is especially constructed 
to permit of a ready occurrence of a blood 
escape at any part of its substance. This 
takes place periodically as a wide-spread 
oedema and haemorrhage during menstruation in 
response to some substance reaching it in the 
blood stream, which alters the protoplasm in 
such a way as to lead to an active imbibition 
of the blood fluid and corpuscles. We have 
seen that the same changes are apt to occur 
as the result of the chorionic influence and 
at a considerable distance from the foetal 
elements, where the amount of the liberated 
chorionic secretion must be much smaller than 
that spreading from the foetal structuresdur- 
ing pregnancy, (placental fragments.)
This special susceptibility of the uterine 
mucous membrane to these tissue changes must 
be controlled in some way during pregnancy. 
Otherwise there vrculd inevitably be an ced- 
ematcus and haemcrrhagic escape throughout 
its entire extent.
As the result of these investigations, we are 
thus able to assert with the greatest possible 
certainty /
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certainty that the function cf the Decidual 
Merabrane is tc localise the vascular expan­
sion and, the fluid and bleed escape t.c the 
region cf the intervillcus space. By so 
doing it limits the growth of the foetal stru­
ctures entirely tc the Implantation cavity. 
These facts explain why the entire mucous mem­
brane exhibits the decidual change. The 
limitation of the vascular changes in the mus­
cular wall is dependent on the well-marked mus­
cular hypertrophy which occurs during preg­
nancy.
S E C T I O N  X.
PRELIMINARY ACCOUNT of VERY EARLY HUMAN




Since writing the preceding pages I have 
had the opportunity of examining two specimens of 
early ova, and as they reveal evidence of the strong­
est confirmatory nature with regard to many of the 
conclusions formulated in the foregoing sections^ I 
have thought it wise to include a short description 
of the more important appearances as an addendum to 
this thesis.
PRELIMINARY ACCOUNT OP A VERY EARLY HUMAN OVUM.
A D D E N D U M .
This specimen was discovered accidentally 
i n  a portion of decidua sent to the Royal College of 
Physicians Laboratory for examination on the 1st 
April, 1910. The early ovum was detected i n  one of 
the sections and, through the kindness cf Dr. James 
Ritchie, it was handed over to ms for farther ex­
amination on the 9th April. A number of the sections 
containing the ovum were unfortunately lost but, as 
I shall subsequently point out, it- would seem more 
than likely that in the part rescued we have the 
greater part of the ovum and that, therefore, we are
in/
473.
in a p o s i t  io n  t o  e s t im a te  i t s  maximum d i  m e te r s .  As 
soon  a s  th e  v a lu e  o f  th e  spec im en  was r e c o g n is e d  
th e  p o r t io n  o f th e  p a r a f f i n  b lo c k  c o n t a in in g  i t  was 
c u t  i n t o  an u n in t e r r u p t e d  s e r ie s  o f  s e c t io n s .  By 
t h i s  m eans I  have  been  a b le  to  o b t a in  42 s e c t io n s  
c o n t a in in g  th e  ovum. These w ere s t a in e d  f o r  th e  
m ost p a r t  w i t h  h a e m a to x y lin  and e o s in .  The p r e s e r v a — 
t l o n ,  c o n s id e r in g  th e  m anner in  w h ich  i t  was o b ta in e d  
i s  f a i r l y  good .
HISTORY. The specimen was obtained from a patient 
aged 21. The last menstruation commenced on the 
22nd February. The period due on the 21st March was 
missed. On the 31st March she complained of a slight 
bleeding discharge and on the morning of the 1st April 
passed the decidual fragments, in which the ovum was 
discovered. Previous menstruation somewhat irregular 
No definite history as regards coitus obtainable.
G-.TN.TRAh DESCRIPTION OF SPECIMEN. . This consists of 
three pieces of thickened mucosa and some blood clot. 
Two of the fragments are extremely irregular in shape 
and in the course of the sections are seen to be 
somewhat broken up into different pieces. The por­
tion of the mucous membrane containing the imbedded 
ovum,on the other hand, is more regular in shape. It 
is an elongated oval in contour, rounded off at one 
end/
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end (Figure 193 ), whilst at the other it tapers off 
into a fine strand of the mucosa. As the sections 
are followed the oval becomes increasingly smaller 
until it ultimately disappears. After a few sections 
are passed, also, the tail-like process becomes lost. 
From this description it is, I think, clear that we 
are dealing with the elevated lobule of decidual 
tissue which corresponds to the similar structure 
present in all the other early ova ( Teacher-Bryce, 
Peters»Leopold). In cutting the block the first 
sections correspond to the base of the lobule and 
have shaved the surrounding mucous surface (corres­
ponding to the tail). The succeeding sections cut 
the lobule across at more and more superficial levels 
until it is ultimately lost altogether.
THE DECIDUA. In the outlying portions of mucosa 
there is an almost complete absence of a decidual 
change. In places, especially towards the more 
superficial parts, the stroma cells are enlarged.
For the most part, however, they have retained their 
normal size. Throughout the entire extent of the 
mucosa there is a well-marked oederaatous exudate, 
and in many places a haemorrhagic infiltration of the 
tissues. There is also an evident polymorphonuclear 
escape. The epithelium of the glands and surface
has/
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has in most places oeen shed.
xn the decidual lobule in which the ovum 
is placed the same general features are present.
Here there is a shedding of the superficial epithe­
lium and of that lining many of the glands. The 
gland spaces are-in places markedly expanded. In 
the lobule the implantation chamber containing the 
ovum is placed. It is shut in by a thin shell of 
the raucous membrane and is placed more toward the 
pole of the cut lobule which corresponds to the 
rounded free end at the base. The characters and 
size of the chamber and the ovum and some remarkable 
appearances which are divulged in the course of the 
serial sections will be discussed in the next para­
graph.
The region of the decidua immediately 
bordering on thp gestation cavity is undergoing a 
necrotic change - the cell outlines have disappeared, 
the. nuclei are disintegrating and there is produced a 
more or less homogeneous structure deeply- staining 
with eosin. In this,large numbers of well preserved 
red blood corpuscles are seen.
At no 3art of _t_hs lo pale;_is there more than 
a poorly marked decidual change In the cells. In 
many/
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many places, especially in the immediate proximity 
of tiie ovum cavity, the cells are enlarged, and in 
regions they may attain a size comparable to that as­
sociated with the typical decidual cell (Figure 194). 
The fact that the change is present to a very minor 
degree, and then only in the vicinity of the ovum, 
would seem to prove that we are dealing with a very 
early stage in the process.
As in th e  o u t l y in g  p o r t io n s  o r’ th e  nut- us 
membrane th e r e  i s  h e re  a n a T h u  oedem atous and b lo o d
e sc a p e . I n  many p la c e s  t h e r e  i s  a d i s t i n c t  leuco-
e y t i c  i n f i l t r a t i o n  of the tissues.
CHANGES IK THE VESSELS AND MODE OF THE BLOOD ESCAPE.
In view of the investigations recorded in 
the preceding pert of this research the changes in 
the vessels and the manner in which the blood is es­
caping ar© of especial interest and importance.
In all tarts there is a distension of 
many of the vessels. This is especially the case 
in the broad part of the decidual lobule which corres­
ponds to the side of the implantation, chamber ( Figure
193 ). Here there is a number of expanded vessels, 
whose walls are very fine,being formed or;Iy by ore 
or/
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or two layers cf cells. (Figures 195 & 196). This 
condition corresponds to the vascular change detected 
in all the youngest ova described. I have already 
referred to it in connection with the Peters, Teacher- 
Bryce, and Leopold ova. The fact that it is in­
variably present in the specimens no matter how ob­
tained would indicate that it is to be considered as 
a normal change and is not due to the process of abor­
tion, which, we shall recollect, was the manner in 
which my specimen was obtained.
As I have mentioned the walls of the dis­
tended vessels are thin and this is due to the fact 
that there has been a wholesale detachment and dis­
placement of the surrounding stroma elements. These 
blood spaces thus correspond tc the sinuses cr dis­
tended capillaries which' I have described in full in 
connection with the menstruating mucous membrane. In 
structure and in mode of formation they are identical, 
sc far, at any rate, as the grosser changes are con­
cerned. In other respects, also, the resemblance is 
emphasised. In the first place the opening-up cf 
the stroma and vessel wall has, in many places, re­
sulted in the creation of a complete gap between ves­
sel lumen and surrounding tissue (Figure 196 ). The 
ease with which these changes occur in the uterine 
mucosa/
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mucosa is, as i have recorded in a previous section, 
dependent on the peculiar structural conformation 
which it presents. in addition to these changes 
tnere is seen to be a wholesale exodus of the red 
cells tnrough the wall into ode surrounding tissue. 
The corpuscles are streaming out in every direction, 
both through the incompletely opened—up regions and 
at those places where there is a complete breach in 
cont inuity.
The blood leahage from the vessels is, 
as I have stated, found at a distance from the im­
plantation chamber and where there are no foetal cells, 
In fact, as I shall describe on a succeeding page, 
at no point, except at the marginal necrotic area of 
the wall of the ovum cavity, was there any evidence 
of an incorporation of the foetal cells with the 
maternal tissue. Even here it Is only rarely en­
countered, These facts thus force us to the con­
clusion that the opening up of the-maternal vessels 
during pregnancy with the consequent haemorrhagic es­
cape is due to some influence apart from a direct 
cellular Invasion of the vessel wall with a mechani­
cal escape of the contents. These appearances coln- 
cide with the process present in the abnormal regions
of chorionic ■activity, which I have recorded on pro­
ceding pages, and In which the changes justified the
conclusion/
conclusion that there were in existence active tissue
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changes determining an imbibition of the blood fluid_
and corpuscles, as opposed to a mechanical liberation 
of the vascular contents.
The resemblance between the conditions 
encountered in the pregnant tube etc. , and those 
present here, is emphasised in a degree which is most 
convincing by the discovery that from the vessels 
opened up in the way I have .just described the blood 
cells are actually seen to be streaming in quantity 
through the maternal tissue intervening between the 
vessel lumina and the implantation chamber. I main­
tain that these appearances prove beyond doubt what 
my researches on the pregnant tube, chorion-apithe— 
lioraa etc., had previously led me to affirm, namely 
that the orthodox conception of the manner in which 
the growing embryo is furnished with tne mother's 
blood must be completely modified. ’.t is not due 
to a destruction of the vessel walls by the invading 
chorionic cells, neither is it due to a mechanical 
giving way of the vesseL wall where this comes up 
against the advancing trophoblast (Peters). On the 
contrary the appearances just described prove that 
in the process there is in action some change in the
vessel/
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vessel wall.or ti sue leading to a wholesale leakage 
of the corpuscles, even through a wall which is not 
yet completely opened up, and an actual advance of the 
red cells towards the ovum.
I have pointed out In previous paragraphs 
that the fluid and blood escape from the vessels In 
the menstruating mucosa, in which the changes are 
similar to those present here, is due to an active 
tissue imbibition due to protoplasmic alterations that 
lead to the production of diffusion streams radiating 
from the vessel lamina. I have also pointed out 
that the uterine mucosa is especially fitted for the 
occurrence of this with the greatest possible efficien­
cy. The same tissue changes I have shown to be in­
duced by the chorionic influence (enzymes) in the 
pregnant tube, in the uterine muscular coat and mucosa, 
in the case of retained placental fragments, and in 
the uterus in chorion-epithelioma. These facts 
taken in consort would suggest that in the mucosa of 
the pregnant uterus exactly the same factors are 
operating.
In addition to this evidence, which, though 
strong, is of a circumstantial nature, a study of 
the minute microscopic detaiLsreveals direct and In­
disputable confirmation of the ideas I nave Advanced .
In/
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In the first place throughout the mucosa in my speci­
men there is seen to he an appearance of the very 
intricate tissue network, the function of which I 
have full./ discussed, in connection with the menstrua­
ting state. On preceding pages I have adduced evi­
dence in support of the belief that this structure 
is to be taken as an evidence of an active diffusion 
into, and imbibition of fluid by, the stroma proto­
plasm, which determines not only the oedematous but 
also the blood escape. (Plates I I I , I V ,  and V. and 
Section I I . ) .  In the vessel walls, also, in the 
specinop under discussion, it is often possiole to 
recognise the same evidence of an active fluid im­
bibition as I have described in connection with the 
menstrual changes (Plate XIX). for a full discussion 
of this subject I would refer the reader to the cor- 
responding section of this research. (Section II).
This specimen of a very early human ovum 
is thus seen to furnish complete confirmation of the 
views I have advanced regarding the peculiar struc­
ture of the mucous membrane nd its probable bearing 
on the changes present in pregnancy, and it estab­
lishes the completeness of the analogies which I was 
led to trace between the activities of the chorionic 
cells in abnormal sites and in the normal state.
In/
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In concluding this discussion on the vas­
cular changes I may state that t feel convinced that 
to explain fully the mode Ln which the trophoblastic 
surface is flushed with the maternal blood we have 
to recognise tne importance of the active absorption 
of the blood fluid by the rapidly enlarging ovum.
Phis specimen would seem to confirm this in the fact 
that the red cells are actively streaming into the 
implantation chamber from all sides. The cavity is 
densely packed with the red corpuscles, suggesting 
that the fluid is being absorbed as quickly as it 
enters, in this way establishing a constant flowing 
of the blood towards the place where it is needed.
The haemorrhagic infiltration of the 
tissues in this case, though similar in its location 
to that normally present as proved by a study of ail 
the recorded very early ova, would scmn to be greater 
in quantity than that ordinarily found. This sub­
ject I have not had the time to enter into fully. Tlv 
ap > ear an ce, however, would seem, to warrant the con­
clusion that it is the agent which determined the 
occurrence of the abortion. The necrotic layer of 
the decidua immediately bordering on the gestation 
cavity would seem to be cue to a dégénérâtive change 
in the newly formed decidual tissue in i t c l cidual 
cells in varying stages of disintegration are present.
The vascular and tissue changes just de­
scribed/
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described prove conclusively that there is acting 
some extracellular Influence emanating from the de­
veloping ovum, which tends to lead to an active 
tissue imbibition by the maternal tissue of the blood 
fluid, and corpuscles. This is most evident in the 
immediate proximity of the ovum, but it extends for 
a considerable distance into the adjoining tissued.
In view of these facts and the observations recorded 
on previous pages it seems to me that the justice of 
the conclusions I have formulated with regard to the 
function of the decidual membrane is firmly estab- 
11shed. The decidual enlargement and packing to­
gether of the stroma cells must be for the purpose 
of preventing the uncontrolled ploughing-up of the 
maternal tissues by the fluid and blood which would
otherwise inevitably occur throughout the entire
'
mucosa as the chorionic influence gradually extended 
the sphere of its activity. Before the complete 
development of the decidual change the blood and 
fluid are not even efficiently localised to the region 
where they are needed. This is well broug.it out by 
comparing this specimen and that of peters with the 
conditions present where there is a oetier develops' 
decidual membrane.
BE SCRIPT I Oil/
DESCRIPTION OP THr OVUM AND THE 
IMPLANTATI OH CHAMBER.
Like that present in other early ova the 
cavity is drawn out parallel to the surface of the 
mucosa. Its measurements are, so far as the speci­
men permits of their being taken,
Maximum Length = 1*5 m.m.
" Breadth = *97 m.m.
In shape it is almost a perfect oval (Figure 193).
In a section cut across the decidual lobule towards 
its broader and longer aspect i.e. base, the ovum is 
seen lying in the cavity, for the most p-rt, un­
attached. It consists of a blastocyst, the cavity 
of which is occupied by a number of branching mesen­
chyme cells, in the interstices between which is 
present a granular sort of material, suggesting a 
coagulun, At no part was there any evidence of an 
embryonic rudiment. The surface of the blastocyst 
is very irregular in nature, being thrown into nume­
rous depressions and elevations, the latter apparent­
ly corresponding to rudimentary villi. The cho.i-.mni 
epithelium consists of a typical Langhans1 layer 
covered, In places, by a multinucleated .-.lasnociium 
or synovtium. In places the cellular covering con­
sists/.
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consists of one layer of cells, In other places, es­
pecially at the tips of the villous projections, it 
is heaped up to form several layers. In some few 
places isolated syncytial buds or the extremity of 
one of the projections is seen lying up against the 
necrotic zone of the decidua. Scattered about the 
implantation cavity chorionic cells, singly or in 
groups, ar; seen. In some places there is present 
a number of large mononucleated, cells, which Teacher 
and Bryce, Graf v. spee and others have described. 
These are probably foetal in origin.
At the region of the base of the lobule 
the measurements of the ovurn are
Length of Blastocyst = 1*125 m.m.
Breadth " " (at widest) — *57 m.m.
" " 1 (at narrowest) =* *075 m.m.
As already mentioned a part of the ovum 
is wanting and it is therefore impossible to give the 
other dimension. It would seem nvu unlikely that
the first measurement given above indicates the long­
est diameter of the blastocyst and in proof of this 
I would advance the following considerations. In all 
the early ova res corded the longest diameter Is para­
llel to the surface of the decidua and as the section 
in this c isa have been carried across the decidual 
lobe/
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looe approximately parallel to the mucosa surface it 
seems certain that some of the sections cut the ovum 
across in its longest diameter. The fact that the 
section were thus made, and not at an angle to the 
decidual surface, is proved by the descriptions of 
the successive sections, which I have given. As the 
sections which were rescued are traced in series it 
is found that the breadth of the blastocyst gradually 
increases to a maximum and then gradually diminishes 
until it ultimately disappears. We thus see that in 
the portion of the ovum recovered wo have the great­
est diameter in one direction. This is about *7 m.m. 
The lenjth of the blastocyst in the section corres­
ponding to this maximum broad ,n is appreciably smaller 
than that given above (1*125 m.m.). This would seem 
to indicate that the ovum has been cut across some­
what diagonally. These considerations, in any case, 
demonstrate with a distinct measure of certainty that 
in the specimen we are'dealing with one of the ear­
liest ova eve - liscov rod. In this '.lace I do not 
intend, to enter into an ar a.i/tical comparison of it 
with other early ova. This I shall have to postpone 
till I have had a fuller opportunity of studying it 
more carefully. (In this olace l may state that 
Dr. Teacher of Glasgow to whom I have shown the 
specimen,/
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specimen, and bo whom I am indebted for valuable 
suggestions regarding its probable relative position j 
with regard to other early specimens, agrees .in 
thinking that in the sections the largest diameters 
are represented).
In figure 193 it will be seen that the 
blastocyst tapers somewhat towards the free aspect 
of the decidual lobule. As the sections are pur­
sued it is found that this portion of the ovum comes 
progressively nearer and nearer the wall of the im­
plantation chamber, until it ultimately comes to pro­
ject on the free surface of the mucosa. (Figures 
197—201}. On either side the walls of the chamber 
are seen to become markedly thinned out over the 
rounded aspect of the exposed blastocyst until they 
completely disappear. Here the blastocyst, denuded 
of Its epithelial surface, is in direct relation to 
the uterine cavity. The edges of the rounded orific^ 
in the decidual wall through which the ovum is pro­
jecting are seen in Figure 199. The appearances 
described constitute a very remarkable condition, 
which is amenable to one or other ox’ two explanations
(1) it indicates an attempt on the part of the im­
bedded ovum to extrude itself by destroying the roof 
of/
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of the enclosing cavity wall, or (2 ) it furnishes a 
demonstration of the manner in •••/hioh the ovum becomes 
implanted and ultimately reaches its bed in the 
deeper subepithelial portions of the mucous membrane. 
In the latter case the exposed region would corres­
pond to the oldest part of the ovum, the deeper part 
to that portion which is developing in the direction 
from which the nourishing blood is 'being derived, 
somewhat in the fashion in which a villous or a 
chorion-epitheliomatous mass grows through a vessel 
wall and thereafter develops in a luxuriating manner 
in the vessel lumen.
This question, with, in addition, the light 
which the specimen sheds on the manner in which the 
implantation chamber is formed, and, also, tie ab­
sence of.the embryonic rudiment, I shell leave over 
till a future occasion.
a d d i t i o n a l /
ADDITIONAL CONFIRMATORY EVIDENCE DERIVED 
FROM A SECOND EARLY OVUM SOMEWHAT 
OLDER THAN THE LAST.
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For the opportunity of exam' ung this speci­
men I am .indebted to the kindness of Dr. J. H. 
Teacher. He has placed the whole specimen, consis­
ting of 1050 serial sections, at my disposal for the 
purpose of completing the evidence in support of the 
contentions advanced in the preceding pages of this 
research. The case is as yet unpublished.
The specimen consists of a complete ovum im­
bedded in the decidua, which was obtained by abortion. 
The maximum measurement (which, as in all other early 
ova, corresponds to the plane parallel to the sur­
face of the mucosa) is 5-5 m.m. The maximum breadth 
(i.e. depth from surface inwards) is 2 m.m. If we 
are to adopt the conclusions of Teacher and Bryce 
regarding the age of young ova in terms of the.ir size 
this specimen will correspond to an age of about 17- 
18 days.
The blastocyst is almost perfectly oval on 
section and is lying, for the most part, unattached 
in the implantation chamber. All round its cir­
cumference/
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circumference the surface of the blastocyst is 
separated from the wall of the enclosing cavity by 
only a sma-j.l in.erval, in which a large number of 
well—firmed villi are present. In a few places 
these are found to be incorporated at their tips witI 
the maternal tissues. The cavity of the blastocyst 
is, as in the last specimen, occupied by < number of 
freely branching mesenchyme cells, separated by a 
granular-lcoking substance. In sections towards
the equator the centre of the oxastocyst is seen to 
be formed by a clear space, apparently, due in part to 
a shrinkage of the contained mesenchyme. There is 
no evidence of an embryonic rudiment..
The epithelium of the blastocyst surface 
and of the villi is composed of the ordinary two 
layers - the Langhane1 cells and the•syncytium. The 
former are in most places several layers thick. In 
many places isolated trophoblastic cells and syn­
cytial buds are found lying apparently free in the 
implant at ion cavity.
DESCRIPTION OF THE DECIDUA AND THE DECIDUAL VESSELS.
In the immediate proximity of the ovum 
chamber there is present a zone of ne ore tic tissv. ,
similar/
similar in every respect, to that exhibited by the 
last specimen. Outside this the mucosa has been 
almost completely transformed into a decidual mem­
brane, identical with that characteristic of the 
later periods of pregnancy. in this respect this 
ovum differs from the last specimen, in which the 
decidual change was limited to the immediate proxi— 
mity of the ovum'.
Scattered throughout the decidua there
are numerous areas of haemorrhagic escape.. In the
.
proximity of the gestation cavity this condition is 
present to an excessive degree« The blood cells 
are seen streaming through the vessel walls into the 
surrounding tissues and across the tissue interven­
ing between the affected vessels and the implanta­
tion chamber. Into this the blood can be seen
flowing in large quantity through the necrotic zone
■
of the decidua. The manner in which the blood is 
leaking from the vessels is identical in every res­
pect with that present in the last specimen, and it, 
therefore, coincides with the mode in which the mu­
cous membrane becomes suffused with blood during the 
menstrual process, (Figures 202-203). Although 
the actual nature of the vascular changes is similar 
to that occurring in menstruation the degree in 
which it has taken place in this case is considerably
491.
i n d i c a t e s  t h a t  in  i t  we m ust r e c o g n is e  th e  m anner 
i n  if 'h i eh th e  la a te rn a 1 v e s s e ls  open  b u r in ;  p re g n a n c y .
As I have  s a le  th e  b le e d in g ,  w h i l s t  m ost 
mar he c. i n  th e  proximity o f  th e  ovum, i s  e v id e n t  a t  a 
c o n s id e r a b le  d i s t a n c e , i n  t h i s  way c o in c ic  fr ig  w it h  
the appearances presented, by the last specimen and. 
those e x h ib i t e d  b y  the m a te rn a l t i s s u e s  i n  th e  ab­
normal sites of c h o r io n ic  a c t i v i t y  w h ich  v e  have 
s t u d ie d  (p re g n a n t  tu b e ,  r e t a in e d  p la c e n t a l  n r  g r a n t s ,  
and  c h o r ion-epithel io m a ). In the l a s t  s e c t io n  I 
n o te d  t h a t  in th e  m ucosa th e r e  was distinct evidence 
o f  an a c t i v e  f lu id ,  im b ib i t i o n  or th e  p a r t  o f  th e  
tissues like that present in the abnormal regions of 
fcetal invasion. In this specimen the same evidence 
is easily o b ta in e d  and. is, for the most part, clear­
est in the decidua at some little distance from the 
ovum. The changes are even more c o n v in c in g ly  de­
monstrated than in the last specimen. The rationale 
of this is not difficult to understand, when it is 
rem em bered that in the menstrual mucosa, in  the p re g ­
nant tu b e  etc. it w as found  t r e t  th e  g r e a t e r  th e  sup­
port of th e  vessel wall th e  c l e a r e r  the e v id e n c e  o f  
the active f l u i d  im b ib i t i o n  by the com ponent cellu­
lar elements. The same is true h e re ,  b u t in -his 
case the support is furnished b y  the w e ll-m e rh .o  c. 
decidual/
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d e c id u a l  change  i n  th e  s tro m a  c e l l s .  On P la t e  X X .  
a re  r e p r e s e n te d  th e  ip p e a r a n c e s  t y p i c a l l y  p r e s e n t , 
ap p e a r cn e e s  w h ic h  do n o t  r e q u i r e  more th a n  a s h o r t  
d e s c r ip t i o n  i n  v ie w  c f  th e  p r e c e d in g  in v e s t ig a t  io n s .  
T h e re  i s  th e  same f l u t e  im b ib i t i o n  b y  th e  l i n i n g  
cells, and b y  th e  c e l l s  o f  th e  v e s s e l  w a l l .  I n  
P la t e  X X , . th e  a c t i v e  t i s s u e  change  i s  a c t u a l ] 3 
see r t o  be  d ra g g in g  th e  r e d  c e l l s  fro m  th e  v e s s e l  
lu m e n .
The f a c t  that th e  d e c id u a l change i n  th e  
s t ro m a  e le m e n ts  h a s  f o r c e d  th e  p r o c e s s  in t o  p ro m in ­
en ce  w o u ld  seem to  in d ic a t e  t h a t  i t  i s  s p e c i a l l y  i n ­
te n d ed  f o r  th e  p u rp o s e  o f  r e s i s t i n g  th e  oedemal t i  s 
and  blood e sca p e  w h ich  o th e rv d  ' < w ou ld  i n e v i t a b l y  
le a d  t o  an I r r e g u la r  and u n c o n t r o l le d  te a r in g  up o f  
th e  e n t i r e  m ucous membrane.
SUMMARY./
SUliJI A R  Y.
from a study of two very early ova imbedded 
in the decidua I have been able to obtain 
direct confirmatory evidence in favour of 
the contentions advanced on the preceding 
pages regarding the mode of action of the 
ehorionic epitheliura.
The oedematous and blood escape are dependent 
on tissue changes associated with an ac­
tive imbibition. These are most evident 
in the immediate proximity of the engraf­
ted ovum but they are found at a consider­
able distance, The fact that th e s e  
changes are detected in the decidual mem­
brane no matter how the specimens are o b -  
tained (I have previously described.them 
in pregnant uteri removed e n t i r e  b y  o p e ra ­
t i o n )  disproves, what otherwise m ig h t be 
urged, that they are abnormal and are 
simply to be looked on as the agents res­
ponsible for the abortion In the two early 
ova.
The Decidual Enlargement of the stroma cells 
must be for the purpose of localising the 
blood/
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b lo o d  e sca p e  t o  th e  r e g io n s  w here  i t  i s  
required. It p r e v e n t s ,  a f t e r  i t  i s  w e l l  
d e v e lo p e d , a n .i r r e g u l a r  and e x c e s s iv e  
p lo u g h m g -u p  o f  th e  m ucous membrane w h ic h  
w o u ld  o th e r  v is e  c e r t a i n l y  o c c u r .
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